The viral diseases have been a constraint in improving productivity of a variety of crops since the time of their discovery just over a century ago. During the pre-Green Revolution period only a handful viruses were of concern. The development of high yielding and fertilizer responsive crop varieties ushered the famous Green Revolution (GR) in the mid 1960s. The GR was accompanied by the introduction of intensive cropping systems, introduction of new crops, large scale exchange of germplasm and unprecedented movement of seeds and planting materials with increasing international travel and trade. These developments have played important role in the emergence and spread of new viruses including the evolution of variants of viruses, changes in vector biology, movement of viruses with the infected planting materials, and the introduction of host susceptibility genes through the exchange of germplasm. Lately, the global climate change is also contributing to the emergence and spread of viruses by creating favourable environment for the viruses and their vectors. In the post-GR period the number of viruses affecting crop plants, particularly in the tropics and semi-tropics, has swelled enormously resulting in enormous economic losses and in many cases threatened food and nutrition security. The tropics and semi-tropics provide ideal environmental conditions for the perpetuation of both the viruses and their vectors. India is no exception; with its diverse agro-climate zones and cropping systems, it has its own share of threatening viral diseases caused by many emerging and reemerging viruses. The most destructive of these are the whitefly-transmitted begomoviruses and thrips-transmitted tospo-and ilarviruses. Begomoviruses have been known to cause serious diseases even in the pre-GR period, but during the post-GR period they seem to have undergone rapid mutations and re-combinations, resulting in the fast emergence of new viruses and strains. In contrast, tospoviruses have evolved gradually, as they are less prone to rapid mutation and recombination, but have spread widely. Both these groups of viruses have evolved phylogeographically. Vector transmission and human interventions have played important roles in the evolution and spread of these viruses. The changing scenario and some major epidemics of these viruses will be discussed. Tomato yellow leaf curl virus (TYLCV), a whitefly-transmitted geminivirus is a major tomato pathogen world-wide causing extensive crop losses. Unlike most other known whitefly-transmitted geminiviruses which divide their genome between two single-stranded (ss) DNA molecules, TYLCV contains only one genomic circular ssDNA molecule which encodes six open reading frames (ORFs), four on the complementary (-) strand (C1, C2, C3, and C4) and two on the viral (+) strand (V1 and V2). V1 is the capsid protein (CP) likely involved in interaction with viral genomes and in their nucleo-cytoplasmic shuttling within the host cell 2 . Here we describe the identification of a TYLCV protein, V2, in an Israeli isolate, which acts as a suppressor of RNA silencing 1 . Specifically, V2, but not other TYLCV proteins, inhibited RNA silencing of a reporter transgene GFP. The suppressor activity of V2 was also confirmed under the original TYLCV promoter and the promoter's activity was checked. While hunting for the host-cell targets of V2 in a tomato-library screen, we found that V2 interacts directly with the host protein SISGS3, which is the tomato homolog of the Arabidopsis SGS3 protein, known to be involved in the RNA-silencing pathway. The interaction of V2 with SISGS3 was demonstrated directly inplanta by fluorescence resonance energy transfer (FRET) microscopy, which allows the detection of protein interactions within living cells as well as a determination of the subcellular localization of the interacting proteins. A possible mechanism by which V2 inhibits SlSGS3 involves degradation of SGS3 via the proteosomal pathway in which TYLCV-V2 serves as an F-Box protein. We now show the interactions of V2 with Skp1-like homolog from tomato as well as degradation of SGS3 in planta. The interpretation of these results will be discussed. Tospoviruses (Family Bunyaviridae) are fast emerging as serious pathogens negatively impacting the cultivation of several field and horticultural crops in the Indian subcontinent. Of more than 20 tospoviruses recorded from all over the world, so far five tospoviruses, Capsicum chlorosis virus (CaCV) on capsicum, Groundnut bud necrosis virus (GBNV) on groundnut, Iris yellow spot virus (IYSV) on onion, Peanut yellow spot virus (PYSV) on groundnut and Watermelon bud necrosis virus (WBNV) on watermelon are present in India. CaCV, GBNV, PYSV and WBNV are of Indian or Asian origin, whereas IYSV is world wide distributed. The earliest recorded tospovirus is GBNV, which is known since 1949. Subsequently, PYSV and WBNV emerged on groundnut and watermelon respectively in 1990s, and IYSV and CaCV emerged recently on onion and capsicum during [2002] [2003] [2004] [2005] [2006] . Thrips palmi and Scirtothrips dorsalis are the predominant thrips vectoring tospoviruses in India. Of the Indian tospoviruses, GBNV and WBNV are endemic and most widespread causing up to 100% crop losses. Except IYSV and PYSV, other tospovirus species are serologically indistinguishable. Complete genome properties are studied only for CaCV, GBNV and PYSV. Other tospovirus species are recognized based on nucleocapsid protein (N) gene characteristics. Most of the Indian tospoviruses have been traced in several crop species other than their original hosts. Adaptation on new crop species other than the original host is an indication of emerging tospoviral problems in Indian agriculture. Intensive cultivation, introduction of susceptible genotypes, favorable environmental conditions for thrips populations, change in genetic makeup of the virus through mutation and genomic reassortments are perhaps the important factors for emergence of tospoviruses. Plant virus diseases are emerging as a serious constraint in improving productivity and a limiting factor in many crop production systems world wide. The present century faces severe epidemics by newly emerging viruses affecting a variety of crops, such as fruits, vegetables, tuber, fiber and ornamental crops. The most important viruses of thrips and whitefly associated viruses, which have emerged during the last two decades or so belong to Begomo, Crini, Torrado, Ilar and Tospoviruses. Increasing international travel and trade of plant materials enhances the risk of introducing new viruses and their vectors into production systems. In addition, changing climate conditions can contribute to a successful spread of newly introduced viruses or their vectors and establishment of these organisms in areas that were previously unfavorable. Major contributory factors for the emergence and spread of new viruses include evolution of variants of viruses, changes in vector biology, changes in the cropping systems, introduction of new crops, the movement of infected planting materials and introduction of susceptible host genes through exchange of germplasm. Among Begomovirus species new viruses are emerging in cassava, cucurbits, cotton, Okra, pepper, and Tomato. The other new viruses which belong to Ipomovirus and Crinivirus also transmitted through whitefly are invading into new areas, and new hosts. Recently described new viruses such as Tomato torrado virus first reported in Mexico now spread to other countries. The thrips transmitted Tospoviruses have now become serious constraints especially in vegetable and ornamental crops. The tospoviruses qualify as a group of emergent viruses on the basis of the fact that new species are being described from a range of host plants in a diversity of geographical locations. Of the 19 tospovirus species recorded worldwide, the Asian continent has by far the greatest diversity. At least 14 have been identified so far infecting a wide range of crop plants. Groundnut bud necrosis virus (GBNV) is recognized as the most economically important virus that affects several crops including Cowpea, peanut, pepper, potato, tomato, watermelon and soybean in parts of China, India, Indonesia, Iran, Nepal, Sri Lanka and Thailand. In India, at least six tospoviruses have been identified perhaps suggesting a ''hot spot'' of viral genetic diversity in reservoir hosts.This proliferation has been correlated with tremendous increases in thrips populations, especially the polyphagous melon thrips, which has been mediated by agri-cultural intensification. The ilarviruses specially group I viruses are now emerging in several horticultural crops including India specially the Tobacco streak virus. The challenge in dealing with emergence of new viruses is significant, but it has been lessened by improvements in technology and increased understanding of viral genetic diversity, ecology and genetics. Thus, with new detection technologies (PCR and sequencing and microarray-based technologies) potentially new emergent viruses can be identified sooner. However, identification of novel viruses can still be very challenging, and often requires a combination of new technology and innovative approaches. Once an emerging plant virus has been identified, effective detection tools need to be developed and applied to answer questions about the biology of the virus.
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of the viruses MYMIV and MYMV that, MYMIV occurs in northern, eastern and central India, MYMV in western and southern India. Multiple DNA B components are associated with MYMIV and MYMV which indicates component exchange between the viruses when they occur as mixed infection. The functions of pre-coat protein the ORF present only in Old World begomovirus in modulating ATPase and nicking activity reveals the possibility of multifunction of the viral genes. Attempts to develop RNAi mediated transgenic resistance in soybean targeting replication initiator protein are in progress.Tomato leaf curl disease in India is emerging as unsolvable challenge as number of begomoviruses causing the disease are yet to be resolved. These are seven monopartite, and two bipartite virus identified till date. Genomic components DNA-A, DNA-B and DNA b associated with leaf curl disease of tomato samples collected from all over the county have been cloned through rolling circle amplification and isolates were identified as ToLCNDV-Svr, ToLCNDVMild, ToLCGV, ToLCPMV, ToLCJoV-Svr, ToLCBV, ToLCKV. Their infectivity was established through agroinoculation. We have checked the ability of all these viruses to trans-replicate cognate and non cognate DNA b molecules associated with these viruses. In all the viruses mentioned, DNA-A alone is infectious but severity is increased by DNA-b. All the viruses showed distinct and differential interaction with the different DNA-b satellites, not only in the symptom severity but also in the accumulation of the helper viral titre. Among the satellite molecules studied, Luffa leaf distortion betasatellite was observed to be the most virulent satellite molecule. Studies clearly indicate both mono and bipartite tomato begomoviruses can interact with diverse betasatellites and contribute to complex disease scenario.
Fishing Out and Taming the RNAi Suppressors
Sumona Karjee, Jamilur Rahman, Pranjal Yadav, Sunil Kumar Mukherjee PMB Lab, ICGEB, New Delhi, 110067, India
The RNAi factors of plants work to defend against the invading viruses. As a counterstrategy, the viruses have learnt to encode the factors, called RNAi suppressors and the battle between the RNAi factors and suppressors determine the outcome of virus infection. As the suppressor proteins act in different pathways and intermediate steps of RNAi, many different detection methods need to be devised to isolate and characterize these suppressors. We have developed six different assays to identify the viral RNAi-suppressor molecules and more than 30 suppressors were screened from viruses of various sources including the animal viruses. Some of these detection techniques will be presented. Though these molecules are generally pathogenic from the host points of view, these molecules could also be exploited for biotechnological gains. First, we shall provide evidences to show that the 'AC2' suppressor from the Mungbean yellow mosaic India virus (MYMIV) could be used for high level expression of the transgenes that hardly express in the plant hosts. Secondly, the ribozymes are usually not catalytically effective in plants but the catalytic activities were enhanced when MYMIV-AC2 was co-expressed transiently with the ribozyme construct in the plants. Thirdly, we will show that the VIGS vectors become robust silencing machines in the absence of suppressors. Fourthly and most importantly, the suppressors are attractive targets for antiviral strategies. The artificial microRNAs, designed in our lab, provide effective resistance against the Tomato leaf curl virus (ToLCV) when the ToLCV-AC2 and -AC4 suppressors are targeted for silencing. Thus a gamut of interesting research activities are going on at various laboratories of the globe including ours, keeping the RNAi suppressors in the center stage. Cotton leaf curl virus disease (CLCuD), caused by a single stranded circular Gemini virus consisting of DNA-A and two satellites i.e DNA-1 and DNA beta and transmitted by white fly (Bemisia tabaci) is an important problem of north zone consisting of around 14 lakh hectares of cotton area in Haryana, Punjab and Rajasthan. The disease after its report in patches around Sriganganagar district of Rajasthan on G. hirsutum in 1993 spread to entire north India in a short span of 4-5 years. The initiation of disease is characterized by small vein thickening (SVT) type symptoms on young upper leaves of plants. Upward leaf curling followed by formation of cup shaped leaf laminar out growth of veinal tissue on the abaxial side of the leaves are other important symptoms. In severe cases reduction of internodal length leading to stunting and reduced flowering/fruiting is also noted. The effective management of this important disease is possible by development of resistant varieties, suppression of whitefly and eradication of weed hosts carrying this disease. A committee was constituted by the Indian Council of Agricultural Research in 1994 to study disease affected areas and make recommendations suggested creation of Buffer zone I consisting of entire belt adjoining the international border and to allow cultivation of G. arboreum cotton in this area and creation of Buffer zone II of tolerant/resistant G. hirsutum varieties along the buffer zone I. The spread pattern of cotton leaf curl virus disease was studied and results indicated that in the beginning of season the inoculum comes from outside sources while later in the season the disease spreads in the field from plant to plant. The incidence and progress of cotton leaf curl virus disease and white fly was recorded from 27th to 37th met weeks for 11 years (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) in screening nursery. Data on weather parameters prevailing during current and four prior/lag weeks were recorded and the simple correlations and multiple regression analysis were carried out to study the association of these factors individually with whitefly population and progress of disease.Minimum temperature and sunshine hours showed strong negative correlation whereas morning relative humidity and rainfall showed positive correlations with the incidence of cotton leaf curl virus disease. Large number of Bt hybrids introduced in the market recently have complicated the disease scenario as much susceptible material is being pushed into the market. The base line maps of occurrence and severity of disease in north zone have been prepared and the disease is monitored based on this information. Leaf curl virus disease is one of the highly complex cotton diseases of cotton caused by the whitefly transmitted Geminivirus. Since the outbreak of the disease in 1994 in Ganganagar region of Rajasthan, the disease established endemically in the entire North West Indian states of Punjab, Haryana and Rajasthan causing moderate to sever losses. The virus emerged with renewed aggressiveness during the crop season of 2009-2010, when some of the hitherto resistant genotypes and hybrids succumbed to its onslaught. Regular monitoring of CLCuV affected cotton is done to characterize variability in symptoms, diversity of sequences within the associated isolates and variability in disease pattern, if any. Four distinct symptom types were documented viz, leaf curl with prominent enations, severe leaf curl without prominent enation, upward and downward curling of leaves. Sequences of DNA-A and bDNA components of the isolates associated with different symptoms showed existence of significant variation and recombination with other strains of CLCuV. However correlation of specific sequence or recombination event with specific symptom needs to be established. Sequence identity matrix and RDP analysis of DNA-A and bDNA components of six virus isolates analyzed over a period of 4 years from 2006 showed sequence homology and recombination among several isolates from India and Pakistan. Isolate G6-DC, isolated from cotton cv. RS2013, with compromised resistance and severe leaf curl isolate S2 analyzed during 2009-2010, showed close resemblance to several CLCuV isolates from Pakistan. DNA-A component of G6-DC had major recombination events with two Pak strains, besides other Indian strains while S2 isolate showed major recombination with three Pakistan strains. Accumulation of recombination events over the years coupled with favorable environmental conditions appeared to have knocked down the resistance of cotton during the last year. Antisense and RNA interference approach were attempted to engineer resistance against CLCuV. Cotton cultivars H777, HS6 and F846 were subjected to Agrobacterium-mediated transformation using Sense-CP, Antisense-CP and antisense Rep gene constructs. Transgenic plants were characterized by PCR and Southern hybridization. The transgenic cotton plants are undergoing evaluation of field resistance in CICR, Sirsa. For RNA interference mediated resistance against CLCuV, sense and antisense strands of five target sequences of CLCuV located on DNA-A viz. AC2 (150 bp), CP (185 bp), MP (109 bp) and b-DNA viz., bC1 (212 bp) and bV4 (177 bp) were cloned in pBSK-int (3.1 kb), creating five inverted repeat constructs pBSK-int-AC2-SA (3.3 kb), pBSK-int-CP-SA (3.4 kb), pBSK-int-MP-SA (3.2 kb), pBSK-int-bC1-SA (3.4 kb) and pBSK-int-bV4-SA of 3.4 kb. The inverted repeat constructs of target viral sequences in pBSK-Int was sub-cloned into pBinAR (11.7 kb) and transformed in Agrobacterium tumefaciens strain EHA105. The inverted repeat constructs pBin-CP-S-int-A and pBin-bC4-S-int-A were transformed in G. hirsutum cultivar HS6 by agro-inoculation. Selection of explants was done on MS medium containing 50 mg/l Kanamycin, characterized for the presence of transgene and are being hardened for transfer in green house.
Diversity in Cotton Leaf
Two Distinct Tomato-infecting Begomovirus Species from Northern India with Characteristic Transreplication Ability
Punam Ranjan, A. K. Singh, V. K. Sharma, B. Chattopadhyay, S. Chakraborty Molecular Virology Laboratory, School of Life Sciences, Jawaharlal Nehru University, New Delhi, 110 067, India Tomato leaf curl disease (ToLCD) is a severe problem throughout India wherever this crop is grown (1, 2). Mixed begomovirus infections are prevalent in tomato and diversity of tomato-infecting begomoviruses in India might have resulted from recombination during the course of their evolution (2, 3). In tomato samples collected from Bihar and Jharkhand states, presence of begomovirus was confirmed through degenerate primer. A new tomato-infecting begomovirus was cloned and characterized from the gangetic plain of Patna district in Bihar, named as Tomato leaf curl Patna virus (ToLCPaV). Whereas, from an infected tomato sample of Ranchi district in Jharkhand, a recombinant new species; Tomato leaf curl Ranchi virus (ToLCRnV) was identified. Both the begomovirus species were found associated with novel betasatellites named as Tomato leaf curl Patna betasatellite (ToLCPaB)and Tomato leaf curl Ranchi betasatellite (ToLCRnB), respectively. Genome organizations of these viruses were found to be similar to those of other old world monopartite begomoviruses. ToLCPaV genome (2752 nt) shared maximum (85.8%) identity with Tomato leaf curl Laos virus (ToL-CLV) from Laos and ToLCPaB (1349 nt) shared maximum (75.8%) identity with Tomato leaf curl Joydebpur betasatellite (ToLCJoB) from Bangladesh. Interestingly, both these molecules showed less identity with known tomato-infecting begomoviruses and their satellites from India. ToLCRnV genome (2762 nt) shared maximum 88.3% sequence identity with an isolate of Tobacco curly shoot virus (TbCSV) whereas its cognate betasatellite (1353 nt) shared maximum (74.5%) identity with an isolate of Tomato leaf curl Bangladesh betasatellite (ToLCBDB). RDP analysis revealed that ToLCRnV has definite evidence of recombination within viral genome. Infectivity study of both the species indicated that their cognate betasatellites are dispensable for symptom induction but causes severe symptoms when present. ToLCRnV could transreplicate DNA-B components of Tomato leaf curl New Delhi virus (ToLCNDV) and Tomato leaf curl Gujarat virus (ToLCGV) unlike ToLCPV, suggesting that rep-iteron specificity play a major role in determining reassortment among begomovirus genomic components. Begomoviruses with satellite DNA b have also increased up to 260 in the year 2008(2). The emergence of new begomoviurses is a major threat to crops. Therefore it is necessary to identify new viruses, from weeds which are in close proximity to crop plants and act as reservoirs during non cropping season. DNA polymerase of the Bacillus subtilis bacteriophage U29 with high processivity and strand displacement activity has been exploited for screening of begomoviruses. The present study describes the identification, complete characterization and phylogenitic analysis of a distinct begomovirusVernonia yellow vein virus (VeYVV) with its associated satellite DNA b infecting a weed Vernonia cinerea from India. The full-length DNA A of 2745 nucleotides (EMBL Accession No. AM182232) with typical genome organisation of Old World begomoviruses was characterized from Vernonia cinerea. Sequence comparison with other begomoviruses shows the highest sequence identity of 82.4% with Emilia yellow vein virus from China and less than 80% with all other known begomoviruses. The International Committee on Taxonomy of viruses (ICTV) has therefore recognized Vernonia yellow vein virus as a distinct begomoviruses species. The recombination of VeYVV of DNA A has been predicted to have originated from viruses infecting crops and weeds. For instance the major parents for the recombination events in the DNA A are predicted to be viruses from the crops tomato and pepper and the minor parents are viruses from the weeds Mimosa and Sida. As conventional PCR could not amplify DNA B or b from diseased Vernonia, rolling circle amplification using U29 DNA polymerase was employed to obtain DNA b (Accession No. FN435836). The sequence analysis shows that DNA b of VeYVV has highest identity (56.8%) with DNA b of Sigesbeckia yellow vein Guangxi betasatellite and 56-53% with DNA b associated with other begomoviruses. The sequence variation in Satellite Conserved Region (SCR) could be the possible reason for not getting amplification using universal b primers. As no DNA B could be detected from diseased Vernonia, VeYVV has been classified as a monopartite begomovirus associated with a DNA b. DNA b
Vernonia Yellow Vein
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Indian J. Virol. (September 2010) Whiteflies and thrips act as major vectors for many viral diseases in vegetable crops. Effective management of whiteflies and thrips is of crucial importance to minimize loss caused by vector-borne diseases. Study of ecology and population structure of vectors is essential to devise effective pest management practices. Molecular tools are useful in characterization of whiteflies and thrips populations. Hence, current study is aimed to record the ecology, genetic variation in population, assessing specific instances of resistance in multiple populations and to design effective management practices for reducing the damage by whiteflies and thrips and the viral diseases. Research on distribution, biology, host plant range, genetic variations as well as management practices in case of whiteflies and thrips in vegetable ecosystem was conducted from 2003-2010 at Tamil Nadu Agricultural University, Coimbatore. The vectors were identified with eminent taxonomists and as per the taxonomic keys. The spatial and temporal distribution of whiteflies and thrips were recorded in brinjal, tomato, okra, chillies and compared with cotton. Whitefilies and thrips associated with the Gemini and Tospovirus transmission in six different vegetable host plants were collected in Tamil Nadu. Molecular markers such as COI, RAPD, ISSR and SSR were utilized to study the population variation in the vectors. Insecticides were sprayed to control early season sucking pests (thrips, aphids and whiteflies) in vegetables often combining two or more products and the control failure was recorded. Hence, the issue of resistance to both organophosphates and newer neonicotinoids was addressed by monitoring for susceptibility of whiteflies to determine resistance to each compound. The resistance development in polyhouse whitefly population was studied in detail. During the survey, leafcurl and peanut bud necrosis in tomato, yellow vein clearing in okra, leaf curl, chlorosis and mosaic in chillies, tapioca mosaic and mosaic complex in cucurbits were found to be the major yield limiting virus diseases in vegetables. Various annual weeds and few perennial weeds were found to act as reservoirs of whitefly population. In some places, the parasitized nymphs were recorded in weed hosts. The population density of whiteflynymphs and adults per leaflet in vegetable crop and weed hosts, the viral incidence and the per cent parasitism were found to be inter-related. The whitefly population was significantly higher in hybrid vegetable crops as compared to inbred lines. The population of both whiteflies and thrips were high during 16th week to 34th standard week and low during 43rd to 52nd standard week and second to 6th standard week of the year. The whitefly population was higher in hosts like brinjal, tapioca, okra and low in tomato and cucurbits. The population was very high in the regions where brinjal, tapioca and cotton were grown in major areas and in adjacent fields. The loss caused due to vectors and virus diseases were maximum during summer seasons as compared to other seasons. The population was lower in hilly regions as compared to plains. In hilly areas, in flower crops (Gerbera, Anthurium etc.) grown under polyhouse conditions, the whitefly population was found to be higher during summer months. Our observations indicated that whiteflies are well adapted to high temperatures (above 308C) and if the temperature recorded as above 358C, the population increase was faster and at 408C, the maximum population was recorded in brinjal crop. The crop canopy temperature also favours the quick population build up. Hence, it is essential to closely monitor the life table of B. tabaci for the increase in mean temperatures because of global warming. The vector population was also varied depending upon the crop age. The attraction of whitefly and thrips to yellow sticky trap was quantified and a new type of low-cost effective, farmer-friendly method was developed. Growing maize as barrier crop in okra fields was found to reduce/ delay the incidence of yellow vein clearing. PCR-RFLP analyses to differentiate geographical variation among Scirtothrips dorsalis and Thrips tabaci indicated thatthere were no significant variations among the populations of thrips collected from different locations even though there are distinct variations among different species. Two mitochondrial DNA primers viz., mtD7.2F and mtD9.2R and N5J 7567F and LR N 12901R yielded can be used for inter specific variation. All COI DNA sequence data available in Genbank for B. tabaci nation-wide were obtained and the well resolved phylogeny for the B. tabaci species complex was produced. Analysis with SSR markers revealed that there was considerable genetic variation between populations of B. tabaci. SSR markers viz., BEM 6, BEM 12, BEM 14, Btls 1.13, Btls 2.3 and BT-e49 were able to differentiate population from cassava host from other populations. In addition, BT-83, BT-e49 and Btls 1.1 primers were able to clearly differentiate the Varanasi population from other locations. The similarity coefficients based on 89 alleles of the 30 SSR markers ranged from 0.539 to 0.831. Among the eight populations, the highest coefficient value (0.831) was observed between Hosur and Vellore populations. The lowest similarity coefficient of 0.539 was observed between Coimbatore and Varanasi populations. SSR marker based genetic analysis clustered the whitefly populations based on the geographic distance and host clearly. The present study is the first of its kind in India to utilize SSR markers for characterizing the genetic structure of B. tabaci population. The presence of Geminivius was confirmed in whiteflies collected from all the eight locations. The PCR analysis for presence of BYVMV coat protein gene revealed that the presence of virus was confirmed in whiteflies and the sequence data showed more than 98% similarity with BYVMV AV1 gene for coat protein and other BYVMV coat proteins recorded from India. The presence of BYVMV Beta 1 and Beta 2 was also documented in different populations of B. tabaci. Seed treatment with imidacloprid was found to be useful in safeguarding the plants in nursery. Among botanical pesticides, spraying with neem oil (2%) and neem seed kernel extract (5%) were proved most effective in reducing the number of whiteflies and thrips. The neem products were found promising when vector population was low. Results from this study showed differences in susceptibility patterns to insecticides including neonicotinoids in multiple populations of whiteflies. Both the vectors present in glass house and poly house conditions developed resistance to both organophosphorus and neonicotinoids. Integration of molecular technology, proper cultural practices, utilization of natural enemies, and rationale use of insecticides will help in better management of B. tabaci. Bemisia tabaci Gennadius, commonly known as sweet potato whitefly, is an important insect vector of many plant viruses causing economic damage to horticultural as well as commercial crops. It was first reported in India during 1905. This insect is a phloem feeder infesting more than 600 plant species. Among tropical tuber and root crops cassava and sweet potato are major ones and serve as energy banks of nature and staple for more than one fifth of world population. These crops have higher ability to produce higher edible energy per unit area per unit time and have greater role in meeting food demand in the years to come. Mosaic is a serious constraint in the production of cassava and is difficult to manage since it is vegetatively propagated. It is caused by Indian Cassava Mosaic Virus (ICMV) and is widely prevalent in different parts of India especially in Kerala, Tamil Nadu, Andhra Pradesh and North Eastern States. ICMV is primarily transmitted by B. tabaci which is commonly seen through out the year. During the course of investigation presence of host associated variation was noted among the whitefly populations in cassava and sweet potato ecosystem. Further studies (under USDA/USIF funding) through different techniques viz host transfer, host preference, comparative biology, isozyme analyses, virus transmission, cross breeding etc. indicated there are biotypes. B. tabaci population reared on sweet potato (SPWF) could develop on all the hosts tested but cassava. Similarly cassava reared whitefly population (CWF) failed to complete its life cycle in sweet potato. Isozyme analyses of esterase ascertained the two strains. When specific reared whitefly population (CWF) and that of sweet potato used in ICMV transmission, it lead to the inference that CWF alone could transfer ICMV from cassava to cassava. This was further elucidated through TAS-ELISA, dot-blot immunoassay and immuno-scanning EM. The presence of cyanide detoxifying enzymes in the CWF alone was a supportive evidence for ICMV transmission by CWF. The whitefly feeding on cassava leaves induced pathogenesis related proteins. Cross breeding experiments among CWF and SPWF populations revealed that they are two biotypes and not two species. Life table studies and population dynamics of CWF, endosymbionts investigation, and a simulation model (BEMSIM) were made. The aphelinid parasitiod-Eretomocerus mundus showed a specific preference for SPWF rather than CWF. Bemisia tabaci is a major crop pest in world agriculture. Whitefly belongs to the family Aleyrodidae of the order Hemiptera and 1556 species have been reported so far. There are 161 genera under two subfamilies Aleyrodinae and Alyrodicinae. Adult and nymphs have long sucking mouth parts that penetrate the phloem of leaves and withdraw the sap causing deformation, defoliation and death. B. tabaci also transmits many viruses which causes serious diseases in many plants of economic importance. We have collected whitefly samples from different regions of India. Our results indicte that marginal setae, antennae and thoracic tracheal fold are the prominent character for the diagnosis of different instars. Only the 1st instar has the marginal setae which are covered with wax fringes. Antennae in 1st instar are (0.059 ± 0.002 mm) long three segmented and true legs. Antennae get reduced to (0.011 ± 0.001 mm) in the 2nd instar and are present midways between eyes and foreleg. Studies on the diversity using molecular markers reveal that majority of the population belongs to Asia I and Asia II genetic groups. Bacterial endosymbionts of B.tabaci have been linked to emergence of more aggressive variants and modification in their virus transmission capabilities. Portiera being the primary endosymbiontwas found everywhere whereas other secondary endosymbionts like Wolbachia and Cardinium were found only in some populations. Another secondary endosymbiont, Arsenophonus did not show uniform prevalence. Bacillus species were also found in some regions. These results suggest that there is a difference in the bacterial endosymbiont diversity of B. tabaci collected from various regions of India. important cash crop in India and within last 4 years, rapid increase in the incidence of three viral diseases viz. mesta yellow vein mosaic, mesta leaf curland jute mosaic were noticed in different parts of India. Whitefly transmission and expected amplification with different Begomovirus specific and betasatellite primers, in different combination, in these samples confirmed the presence begomoviruses and betasatellites. Yellow vein mosaic disease of mesta was found to be associated with two newrecombinant whitefly-transmitted monopartite begomoviruses, Mesta yellow vein mosaic virus and Mesta yellow vein mosaic Bahraich virus, together with two betasatellite species, Cotton leaf curl Multan betasatellite and Ludwigia leaf distortion betasatellite. These begomovirus complexes were detected in different combinations throughout the mesta growing regions of India. Leaf curl disease of Kenaf was found to be associated with three monopartite begomoviruses and three betasatellite species. In eastern and southern India isolates of Mesta yellow vein mosaic virus and Tomato leaf curl Joydebpur virus were found to be associated with the disease along with their betasatellite counterparts, respectively, while in northern India the begomovirus isolates obtained from symptomatic samples were found to be the members of a new begomovirus species which is tentatively named as Kenaf leaf curl virus along with an isolate of Cotton leaf curl Multan betasatellite. Yellow mosaic disease of jute was found to be associated with an isolate of Corchorus golden mosaic virus, a bipartite begomovirus, which showed its closeness with many New World begomoviruses. The emergence of such new begomoviruses and betasatellites pose serious concern regarding there spread in other economically important crop species.
Diversity of Whitefly
Role of Genetic Recombination in the Molecular Evolution of Tospoviruses
Suneha Upadhyay Tospoviruses have unique ability of infecting plants as well as insect vectors. They belong to the family bunyaviridae, which is made up of mostly animal viruses. The genome of tospoviruses consists of three species of negative or ambisence single stranded RNA denoted by S, M and L. The extent to which the genome of tospoviruses are shaped by recombination provides an understanding of the molecular evolution of these viruses from animal infecting viruses of bunyaviridea family. These comparisons will help in studying features such as host specific viral gene expression and the probable emergence of new variants. All the three genomic components of eight isolates of tospoviruses and four isolates of viruses belonging to ortho, phlebo and hantaviruses were compared for their phylogenetic survey of recombination events. Sequence comparison and phylogenetic analysis based on L, M and S genome showed two distinct characteristics of tospoviruses and animal infecting bunyaviruses. Based on L and M genome analysis, no clear cut demarcation has been obtained among the four genera (ortho, phlebo, hanta and tospoviruses). In S genome (comprising of NSs and N), the tospoviruses and animal viruses infecting genera of bunyaviridae are found to be clustered separately. Comparative recombination analysis detected 34 hot spots in M RNA followed by 20 in S RNA and 11 in L RNA. The intergenic region (IGR) of M RNA showed maximum breaking points derived from viruses belonging to ortho, phlebo and hanta genera, infecting animals. Correlation between presence of recombination sites, phylogenetic relationships and intra-and inter-lineages provide an opportunity to establish the molecular evolution of tospoviruses from their counterpart genera affecting animals. Geminiviruses primarily encode only few factors such as Replication Initiator Protein (Rep), and need various host cellular machineries for its multiplication via rolling-circle (RCR) and/or recombinationdependent replication (RDR). We have identified a host factor RAD54 in a screen for Rep interacting partners and observed its role in DNA replication of a geminivirus, Mungbean yellow mosaic India virus (MYMIV). We identified the interacting domains of ScRAD54 and MYMIV-Rep and observed that ScRAD54 enhanced nicking, ATPase and helicase activities of MYMIV-Rep. An in vitro replication assay demonstrated the dependence of geminiviral DNA replication reaction on viral Rep protein, viral origin sequences of replication and on host cell-cycle proteins. Rad54 deficient yeast nuclear extract did not support the in vitro viral DNA replication well, while exogenous addition of the purified RAD54 protein enhanced the extent of replication. The role of RAD54 in replication in planta was confirmed by the transient replication assay. This study demonstrates for the first time the dependence of eukaryotic rolling-circle replicon on the RAD54 protein whose role is well established in the recombination/repair biology. In nature, mixed viral infections occur in the same plant, with biological and epidemiological implications. In many cases, mixed infection results in an increase in the titer of one or both viruses which elicit disease symptoms that are more severe than the sum of those induced in either single infection (Savenkov and Valkonen, 2001; Scheets, 1998; Vance, 1991) . Harrison et al. (1997) , Pita et al. (2001b) and Legg (1999) reported that plants infected with EACMV-UG expressed more severe symptoms than those infected with ACMV, but plants infected with the two viruses together were more severely diseased than both of the single infection conditions and measurement of virus concentrations in all three infection conditions suggested the occurrence of a synergistic interaction between the two viruses. We Attempted to study the host range of mixed infection of both SLCMV and ICMV isolate collected from Musiri (Trichy district). Mixed infection of SLCMV + ICMV has produced local lesion symptom of brown lesion in E. geniculata after 8 days of inoculation. Mixed infection of SLCMV + ICMV has produced systemic infection in N. benthamiana, N. glutinosa, N. tabacum, N. rustica and E. geniculata. It produced rosetting and leaf curling in N. benthamiana, yellow mosaic and severe rosetting in N. glutinosa, crinkling in N. tabacum, N. rustica and rosetting and vein clearing in E. geniculata at 15 days after inoculation. This is mainly due to the synergism between these two viruses. This synergism is the only case known for geminiviruses and the only case known for plant viruses belonging to the same family. This biological phenomenon is of primary importance for the emergence of new geminivirus diseases. Cotton leaf curl disease (CLCuD) is the major limitation to cotton production across Pakistan and northwestern India. We conducted a search for Cotton leaf curl viruses (CLCuVs) infecting cotton in Bathinda and Firozpur districts in Punjab, Sri Ganganagar and Hanumanthar districts in Rajasthan states (major cotton growing areas in northwestrn India) during 2009 cropping seasons. We have characterized the complete genome of 4 isolates and partial genome of 25 isolates. In addition to earlier reported CLCuVs, we documented the prevalence of CLCuD resistant breaking virus Cotton leaf curl Burewala virus (CLCuBuV) (which was responsible for second epidemics in Pakistan) in all three states. The possible reasons for displacement of other CLCuVs by CLCuBuV in northwestern Indian regions are discussed. the Genus: Begomovirus; Family: Geminiviridae. Among the diseases caused by these begomoviruses are emerged recently in an epidemic proportion and causing disease in economically important crop plants and posing serious threat to agriculture. DNA b was known for a decade and it has been found associated with only Old World begomoviruses suggesting its origin and evolutionary period. Earlier this molecule was known to be associated with mono-partite begomoviruses. Experimental evidence was given to the role of DNA b in pathogenesis with mono-partite begomoviruses that it is essential for infection, symptom determinant, increase the virus titer, silencing suppressor etc. This molecule depends on its cognate partner, DNA A for its replication and transmission by vector, whitefly (Bemisia tabaci). Later, in the year 2004, DNA b molecule has been found associated with bi-partite begomoviruses like Tomato leaf curl New Delhi virus infecting tomato, potato and other cucurbitaceous plants, followed by Mungbean yellow mosaic India virus infecting legumes etc. In case of bi-partite begomoviruses it was demonstrated that this DNA b molecule was not necessary for infection but it involves in increases (i) symptom severity, (ii) viral DNA accumulation and (iii) whitefly transmission of the virus.
Mixed Infection and Synergism Between Genomic Components of ICMV and SLCMV on Cassava in Tamil Nadu
Displacement of Cotton Leaf Curl Rajasthan and Multan Viruses by Cotton Leaf Curl Burrewala Virus in Northwestern India
Interaction of Groundnut Bud Necrosis Virus and Tobacco Streak
Virus Infecting Groundnut (Arachis hypogaea l.) Groundnut (Arachis hypogaea L.) is the 13th most important food crop of the world. Plant pathogens when occurring together in a host plant are likely to interact and cause either antagonistic decrease or synergistic increase in disease incidence. Of several viruses infecting groundnut crop, Groundnut bud necrosis virus (GBNV) (Reddy et al., 1992) and Tobacco streak virus (TSV) (Reddy et al., 2002) are causing severe threat to groundnut production in India. It is difficult to identify these two viruses based on their symptoms as necrotic symptom is similar for GBNV and TSV. In groundnut, mixed infection with GBNV and TSV is common as these viruses are vectored by thrips. This interaction study was carried out using 12 days old seedlings (3-4 quadrifoliate stage) of groundnut cv JL24 at constant temperature of 26-28°C. Incubation period and virus titer ranged from 1-3 days and 5-7 days and 0.09-3.00 (A405 nm) and 0.05-2.31 (A405 nm) when sap inoculated with TSV and GBNV alone respectively. Incubation period was raised to 2-5 days for TSV and 6-8 days for GBNV when both the viruses were simultaneously inoculated, suggesting that virus titers of both viruses (TSV:0.10-2.64; GBNV:0.06-1.30) were reduced when inoculated simultaneously as compared to individual virus titers when inoculated alone. Incubation period for TSV (1-3 days) remained unaltered when TSV pre-inoculated seedlings were challenge inoculated with GBNV prior or after its establishment as there was not much reduction in virus titer of TSV (0.03-2.83; 0.05-3.00). Similarly, incubation period for GBNV (5-7 days) remained unaltered when GBNV pre-inoculated seedlings were challenged with TSV prior or after its establishment as there was not much reduction in virus titer of GBNV (0.4-1.89; 0.10-2.21). In contrast, incubation period for TSV was raised to 2-5 days when GBNV pre-inoculated seedlings were challenge inoculated with TSV prior or after its establishment as TSV titer was significantly decreased (0.39-1.44; 0.45-1.34). Incubation period for GBNV was also raised to 6-8 days when TSV pre-inoculated seedlings were challenge inoculated with GBNV prior or after its establishment as GBNV virus titer was significantly decreased (0.04-1.71; 0.09-1.21). This suggesting that non-synergistic interaction between both viruses and thereby influencing the virus titer of each other. Time required for complete wilt of groundnut seedlings due to TSV (30-45 days) was more than GBNV (21-25 days) when sap inoculated alone. The duration for complete wilt remained longer (30-47 days) when inoculated simultaneously with both the viruses.Both localized (necrotic spots, yellowing and wilting of leaf) and systemic symptoms (necrotic spots on young leaves, top bud necrosis, stunted growth, axillary shoot proliferation with small leaves and wilt of seedlings) were observed with sap inoculation of TSV alone. Similarly, GBNV induced both localized (mild chlorotic spots, chlorotic and necrotic ring spots) and systemic symptoms (chlorotic lesions on young leaves, death of top bud, stem necrosis, stunted growth and wilt). In dually inoculated seedlings with TSV and GBNV at the same time or one after another, a wide variety of TSV-like and GBNV-like symptoms were induced. There were no new symptoms and symptoms severity remained unaltered, suggesting non-synergistic interaction between TSV and GBNV and TSV had the advantage of less incubation period, faster multiplication and producing symptoms earlier than GBNV. Mungbean (Vigna radiata), one of the important food grains in India, is severely affected by a group of plant viruses; yellow mosaic, necrosis and leaf crinkle disease complex (1,2,3). Detection, estimation of disease incidence and yield losses caused by single and mixed infection are very much important to develop management strategies which are addressed in the present study. Besides, effort is also made to identify resistance in mungbean against these diseases. In the present study, 18 cultivars and 90 initial trial lines (ITLs) of mungbean were sown in kharif and pre-kharif conditions for the last 4 years (2006) (2007) (2008) (2009) at experimental farm in Indian Agriculture Research Institute (IARI), New Delhi. Incidence and severity of diseases varied for cultivars, seasons, and years. Over all study indicated higher susceptibility of mungbean to yellow mosaic and bud necrosis in kharif compared to pre-kharif conditions. However, considerable variation in leaf crinkle disease incidence in mungbean was not observed in kharif as well as in pre-kharif condition. Interestingly, incidence of Urdbean leaf crinkle disease (ULCD) increased gradually from the initial year of 2006 (5-15%) to year of 2009 (20-32%). The infections caused by viral and/or other infectious origins were identified and confirmed by biological reaction, biological transmission (mechanical and insect), electron microscopy (EM), serology (ELISA), polymerase chain reaction (PCR) and nucleotide (nt) sequence analysis. The mechanical sap transmission, ELISA and PCR using GBNV (Groundnut bud necrosis virus) N gene specific primers (Forward, 5 0 ATGTCTAACGT(C/T)AAGCA (A/G)CTC 3 0 and Reverse 5 0 TTACAATTCCAGCGAAGGACC 3 0 ) amplifying 831 nt N gene and sequence analysis confirmed bud necrosis in mungbean in Delhi is caused by GBNV. Whereas, infection of yellow mosaic caused by MYMIV in mungbean was confirmed by whitefly (Bemisia tabaci) transmission, EM, PCR using MYMIV (Mungbean yellow mosaic India virus) Rep gene specific primers (Forward-RepC-5 0 ATTGG ATCCAATCAATTCGAGAGCGTC 3 0 and Reverse-RepV-5 0 GCTCTAGAGCCTACACAGG CATATGAG 3 0 ) amplifying 566 nt of Rep gene and sequence analysis. Induction of typical leaf crinkle symptoms in mechanically (sprouted seed abrasive) inoculated mungbean and urdbean indicated that (ULCD) is caused by an infectious agent, but complete etiology of this is still unknown. Anantamul or Indian Sarsaparilla, (Hemidesmus indicus, (L.) R. Br.) is one of the important medicinal plant, belongs to family Asclepediaceae, widely distributed in South Asia, including India. Anantamul holds a reputed place in all systems of medicine. Its root is used in medicine as aphrodisiac and antipyretic. It cures leprosy, leucoderma, asthma, bronchitis and general debility. Traditionally it is used as blood purifier, diuretic antirheumatic and antidote for snake bite. The native healers in India are said to use it in nephritic complaints, syphilis and in the sore mouth of children (Joseph et al., 1918) . Severe yellow mosaic disease has been noticed on the plantations of Anantmul for the last many years, at the experimental farm of Central Institute of Medicinal and Aromatic Plants (CIMAP) Lucknow. The plants exhibit the symptoms at 4-5 leaves stage, in the form of golden spots which merge to give severe yellow mosaic appearance in the leaves and overall stunting of infected plants. The virus was not mechanically transmitted however it was transmitted by grafting. The Gemini virus infection on Hemidesmus indicus plant (L.) R. Br. was confirmed when Rolling Circle Amplification (RCA) of total genomic DNA from the leaves showing typical yellow mosaic symptoms was positive (Daniela et al. 2006) , that suggested the genome of the causal virus might be single stranded circular DNA. The RCA product was digested by Hind III restriction enzyme which yielded two bands. The digested product was ligated into pBS KS+ and transformed for further studies. The virus causing bhendi yellow vein mosaic disease (BYVMD), a monopartite begomovirus is associated with a DNA b instead of a DNA B component. DNA b is a suppressor of post transcriptional gene silencing (PTGS) (1) that is essential for inducing the typical yellow vein mosaic symptoms in bhendi. However, DNA A alone can induce symptomless infection in the natural host bhendi and mild leaf curling in the permissive host Nicotiana benthamiana (2). Southern and qRT-PCR also demonstrated considerable viral DNA accumulation and systemic spread of the virus in Nicotiana benthamiana. Therefore there must be a movement protein encoded by DNA A. In order to investigate the possible role of V2 of BYVMV, the open reading frame of V2 was fused with yellow fluorescent protein (YFP) or cyan fluorescent protein (CFP). Infiltration studies showed predominant localization of V2 in plasmodesmata at 48 and 72 h post infiltration whereas coat protein (V1) localized to the nucleus. Protein-protein interaction studies by yeast two-hybrid system, Bi molecular fluorescent complementation assay and Fluorescent Resonance Energy Transfer revealed that V2-CP interaction is strong, while the interaction between V2-V2 is weak. These results indicate that V2 may act as a movement protein in the absence of DNA b. Further work is in progress to confirm the role of V2 in the movement of BYVMV. Groundnut bud necrosis virus (GBNV), a member of genus Tospovirus in the family Bunyaviridae, is a major constraint of agricultural productivity in India. The nonstructural protein, NSs, encoded by small RNA of GBNV play an important role in elicitation of symptom severity. However, the biochemical characterization of rNSs has largely remained unexplored. In this study, using electrophoretic mobility shift and Fluorescence resonance energy transfer (FRET) assay, we report that rNSs of GBNV is an ATP dependent DNA and RNA helicase. The unique feature of rNSs is that it is capable of unwinding nucleic acid bidirectionally. As in other helicases Walker motif A (GxxxxGKT) and Walker motif B (DExx) are found in rNSs polypeptide. Although motif B precedes motif A. Interestingly, rNSs does not contain any of other conserve motif of helicases. K189A mutation in the Walker motif A resulted in complete loss of DNA/ RNA helicase activity. On the other hand, D159A mutation in the Walker motif B led to partial loss of helicase activity. This is the first report of any nonstructural protein NSs of Bunyaviridae as a novel non-canonical ATP dependent helicase. Begomoviruses are one of the most destructive pathogens of economically very important crops especially in tropical and sub-tropical parts of the world. Recombination in begomoviruses is very frequent and occurs between species and across genera which increase the probability of new virus disease emergence in previously unaffected crops and regions. In recent past, these viruses have intruded into more temperate regions mainly due to: changing agricultural practices, introduction of whitefly vector, climate change and global trading. During surveys in mid hills of the state, many important plants such as tomato, potato, and chilli, zinnia, ageratum and some other weeds were found to show yellowing, leaf curling and mosaic kind of symptoms on leaves. Samples were collected and screened for geminivirus infection by PCR using group specific degenerate primer pair. Complete genomes were amplified through Rolling Circle Amplification (RCA). During characterization of the RCA products, in tomato: a new begomovirus species was identified, which was named 'Tomato leaf curl Palampur virus'. Tomato leaf curl New Delhi virus was also found to infect tomato crop. The virus appeared to be a recombinant of Tomato leaf curl New Delhi virus and Squash leaf curl China virus in recombination analysis. Recently it has been reported from Iran (100% crop loss has been reported from Iran) and Pakistan, causing severe disease in tomato and cucurbit crops, which suggests that the virus has a wide geographical distribution and natural host range. Infectious clones were developed and agro-inoculated onto tomato plants. The agro-inoculated plants developed symptoms typical of the leaf curl disease. In order to understand the suppressor gene encoded by the viral genome, various ORFs from DNA-A (AC1, AC2, AC3, AC4, AV1, AV2) and B (BV1 and BC1) were cloned into pCAMBIA1302 binary vector and tested by various means for suppressor function validation. Initial results point towards AV2 and AC4 as suppressors of RNA silencing. Results on this and other genes will be presented and discussed. Bhendi yellow vein mosaic virus (BYVMV) is a monopartite begomovirus associated with a b satellite and it causes heavy losses in the production of bhendi in India (1). The C2 protein of BYVMV has been identified as a weak suppressor of gene silencing (2). The present study focuses on studying the localization of C2, identifying the key residues involved in localization and checking whether C2 interacts with any host proteins. The sub-cellular localization of C2 of BYVMV was studied. The roles of conserved charged residues in the putative NLS were analyzed by site directed mutagenesis of the residues, protoplast transformation and confocal microscopy. The residues K21, K24, R25 and R30 play a vital role in nuclear transport. K21T, K24T, R25L and R30I mutations change the localization pattern of C2 and the mutant proteins are found in the cytoplasm as well as the nucleus. BYVMV C2, even after the deletion of the putative NLS, localizes to the nucleus and the cytoplasm. This implicates that there might be another region within the protein apart from the putative NLS which is responsible for nuclear transport. Currently work is in progress to study the other regions in this protein involved in nuclear transport. This will be carried out by constructing a series of C terminal deletion mutants and studying their localization patterns. As a first step, the activation domain was deleted and the resulting truncated protein localizes only to the nucleus which is similar to the wild type protein. C2 was found,by FRET analysis, to interact with Karyopherin a (the cytoplasmic receptor known to be involved in nuclear shuttling of high molecular weight cargo) as well as with itself, suggesting that it may be working as a dimer. The deletion of the putative NLS drastically reduces the interaction with Karyopherin, though the C2 protein still localizes partly to the nucleus. Plant virus infections can result in disease symptoms that range from mild discoloration to severe developmental defect and death. In recent years it has been demonstrated that micro RNAs (miRNA) play important role in the process of host pathogen interaction by regulating plant hormone signalling. In planta profiling of seven micro RNAs (MiR164, miR159, miRNA319, miRNA171, miRNA167, miRNA393 and miRNA398) have been carried out during ToLCNDV (Tomato leaf curl New Delhi virus) infection in tomato plants. The morphological observations of symptom development can possibly be linked with altered miRNA levels, involved in plant developmental process by regulating hormone signalling pathways. We found accumulation of these miRNA levels during different stages of disease development, also down regulation of some of their targeted transcription factors (TFs) such as ARF8 (TF in auxin signalling), MYB (TF in gibberelin signalling) and TCP1 (TF in leaf development) has been observed. The alterations in miRNAs and their TFs might be crucial in plant developmental regulation such as leaf and root development, cell differentiation and cell division, leading to symptom development (upward curling of leaves, inhibition of lateral roots, stunting of the plant). These results have been further verified in by exogenous application of hormones, which shows partial recovery in disease symptoms. MicroRNAs (miRNAs) are 20-24 nt small RNA molecules which modulate cellular gene expression by usually down-regulating their target(s) in a sequence dependent manner. Besides their diverse role in developmental and physiological processes, miRNAs are now being increasingly implicated in disease development and pathogenesis, including viral pathogenesis. It is known that some mammalian miRNAs can resist animal viruses, but such anti-viral miRNAs are not known in plants, till date. So, we explored the possibility of introducing artificial miRNAs (amiRs), targeting Tomato leaf curl New Delhi virus-a member of geminivirus, which devastates tomato crop in tropics and sub-tropics. Two amiRs were designed to target conserved regions of viral Replicase and two potent RNA silencing suppressors-AC2 and AC4. Computational programs were employed to ensure correct processing, right strand separation, and specific target recognition by amiRs. Precursor of an endogenous Arabidopsis miRNA was used as a vehicle for expressing amiRs of interest by replacing resident miR319a/miR319a by amiR/amiR, through a series of overlapping PCR reactions. AmiR biogenesis was validated by in vitro dicing reactions using Arabidopsis inflorescence and wheat germ extracts. Pri-amiRs were found to be consistently processed into small RNA species, reminiscent of hairpin-specific RNase III-type endonucleolytic processing. Subsequently, amiR precursors were used as transgene to generate CaMV35S:amiR transgenic tobacco and tomato lines. The mature 20-mer amiRs were detected by small RNA Northern blots in many T 0 lines. In viral challenge experiments, these lines exhibited remarkable resistance and reduced mini-viral DNA replication by approximately 60%. amiRs offer an attractive strategy to engineer effective, broad-spectrum and biosafe virus resistance in important crops. Cassava is extensively cultivated in many African, Asian and South American countries for its edible tuberous roots. However, the cultivation of cassava in African and Asian countries is severely affected by Cassava mosaic disease (CMD), a viral disease caused by cassava mosaic geminiviruses (CMGs) (Family Geminiviridae, Genus Begomovirus). Several CMG DNA have been cloned from India and have been found to be isolates of the two species Sri Lankan cassava mosaic virus (SLCMV) and Indian cassava mosaic virus (ICMV). Several approaches have been used to control CMD, including improved cultural practices, breeding of natural resistant varieties and improved biotechnological strategies. Expression of double stranded RNAs or hairpin RNAs (hpRNA) homologous to virus genomic sequences have been shown to interfere with virus infection in plant cells by triggering RNA silencing though the production of small interfering RNA (siRNA) that leads to resistance [4] . To test such a resistance strategy against SLCMV, Nicotiana benthamiana plants expressing hairpin constructs against the parts of the viral genome are currently being raised and screened for resistance against SLCMV. Based on the coding capacity of the targeted region, the induced RNAi mechanism can be of two types, Transcriptional gene silencing (TGS) and Post transcriptional gene silencing (PTGS). In order to study the resistance mechanism against a coding region as compared to a non coding region of viral genome, hp RNA generating constructs against the non coding DNA-A intergenic (IG) region and a coding region, AC2 of SLCMV were constructed in a binary plasmid. These fragments were also cloned in the same binary vector in both sense and antisense orientation with respect to CaMV promoter as controls for the hp RNA constructs. The constructs were mobilized into Agrobacterium (EHA105) in order to transform wild type N. benthamiana plants. To test the resistance of the transformed plants against SLCMV, 4-6 weeks old plants (30 plants from each line) were agroinoculated with SLCMV DNA-A and DNA-B agroinfectious clones. Appearance of symptoms on transformed plants at 10, 20, 30 and 45 dpi, as compared to inoculated wild type N. benthamiana control plants was scored. A total of 18 lines were screened and 3 lines showed symptoms in only 30-35% plants whereas typical leaf rolling symptoms were seen in all control plants from 10 dpi onwards.
Analysis of Multiple Functions of
The analysis of accumulation of viral DNA in the inoculated transformed and control wild type plants will further strengthen the results obtained from the above work. Tomato leaf curl New Delhi virus (ToLCNDV), a bipartite whitefly transmitted geminivirus (WTG), is a diverse and complex species composed of host-adapted strains that infect cucurbits, potato, cotton, chilli, bhendi and papaya (Chakraborty 2008). The incidence and complexity of the virus is increasing with the association of satellite DNA b. Two variants of ToLCNDV have been isolated from the samples showing leaf curl symptoms from tomato and spongegourd and identified as ToLCNDV-Svr and ToLCNDV-Mild (Fauquet et al., 2008) . Samples showed association of Cotton leaf curl Multan beta satellite (CLCuMB) with ToLCNDV-Svr and Luffa leaf distortion beta satellite (LuLDB)) with ToLCNDV-Mild isolates. Infectivity of both the variants was achieved by agroinfiltration and also agroinoculation. DNA-A alone is infectious in Nicotiana benthamiana and produces leaf curling, mottling symptoms. Severity is increased with the association of DNA-B and irrecoverable severe symptoms are seen with DNA-b both in N. benthamiana and tomato. LuLDB which was associated with ToLCNDV-Mild was observed to be the most virulent satellite molecule. Plants inoculated with DNA-A alone or DNA-A and DNA-B, showed recovery from the symptoms in 15-20 dpi respectively. This PTGS activity of the host was seen to be knocked out by reinoculation of the LuLDB onto the completely recovered or silenced plants revealing the strong suppressor activity of bC1 protein. The extent of PTGS activity of the host and the suppressor activity of the LuLDB has been measured by comparing the levels of viral titre at different stages of infection i.e., symptom initiation, severe symptom, silencing and suppression of the silencing to know the fate of DNA-A genome.
Silencing of Tomato Leaf Curl New Delhi Virus
Session V Management Options in Genomics Era
Whitefly Tropical tuber crops (cassava, sweet potato, yams and aroids) are rich in carbohydrates and serve as a staple food for millions of poor people in different countries. These crops are the highest producers of calories per unit area and they are subjected to many diseases caused by viruses. Among the viral diseases affecting tuber crops, cassava mosaic disease, cassava brown streak, sweet potato mild mottle and sweet potato leaf curl are important one which are transmitted by whitefly (Bemisia tabaci) in field condition. However their primary spread is through indiscriminate use of diseased plants as planting material. These diseases cause heavy yield loss which ultimately affects the economic returns of growers. Effective strategies to contain or manage these diseases includes effective diagnostic techniques for selecting disease free planting material, development of resistant cultivars and development of transgenic lines having resistance. We have devised efficient diagnostic technique and production of meristem derived virus free planting material production strategy. There is only a limited pool of natural virus resistance in Cassava against cassava mosaic geminiviruses and cassava brown streak Ipomovirus hence the development of transgenic resistance in this significant crop might present an option. RNA mediated resistance through the expression of inverted-repeat dsRNA sequences derived from the virus genome and the modification of plant microRNA to produce antiviral artificial microRNA are strategies that have recently been proven very effective for induction of virus resistance (immunity) against a number of RNA viruses. Results from RNA interference strategies against geminiviruses never resulted in immunity of transgenes. However, it suggests that viral mRNA is targets of RNA silencing and that the success of the strategy depends on the relevance of the target gene in the systemic spread of the virus.We have generated gene construct having replicase gene of Indian cassava mosaic virus (ICMV) and number of RNA silencing constructs to induce resistance against ICMV and SLCMV and CBSV. Due to the serious problems inherent with transformation of cassava and subsequent resistance screening, these constructs were tested for efficiency either by transient-or by transgenic expression in N. benthamiana. Complete immunity was reached in transgenic N. benthamiana against CBSV using inverted repeat or amiRNA constructs. Using different species of CBSV for resistance screening, immunity was broken, to show the minimum context for broad spectrum resistance. Similarly, highly specific resistance was reached in expression of amiRNA. In contrast, virus resistance against ICMV/SLCMV using single ami-RNA constructs was not successful. Results from the experiments to generate virus resistance against CBSV and ICMV/SLCMV will be shownand strategies to develop efficient resistance against RNA and DNA viruses in cassava will be discussed. Groundnut (Arachis hypogaea L.) is largely a smallholder crop grown throughout the tropical, subtropical and warm temperate regions of the world primarily under rainfed conditions. Over 31 viruses representing 14 genera naturally infect groundnut in different parts of the world [1], of which economically important virus diseases include groundnut rosette disease complex (GRD) in Africa, tomato spotted wilt tospovirus (TSWV) in the USA, peanut bud necrosis tospovirus (PBNV) in south Asia, peanut stripe virus (PStV) in east and southeast Asia and tobacco streak ilarvirus (TSV) in India. In India, TSV causing peanut stem necrosis disease (PSND) and PBNV causing peanut bud necrosis disease (PBND) have emerged as serious constraints to groundnut production. The Groundnut rosette assistor virus (GRAV) that is crucial to groundnut rosette disease complex causes frequent epidemics of GRD in sub-Saharan Africa. Since, high levels of resistance to these viruses are not available in the existing cultivated groundnut germplasm, pathogen-mediated transgenic approach using the viral coat protein based technology is an attractive strategy to augment virus resistance in groundnut [2] . At ICRISAT, highly efficient protocols to genetically transform groundnut have been established to generate virus-resistant transgenic plants that express virus-derived gene sequences [3] . Greenhouse and field evaluation studies indicated superior performance of several transgenic events that showed considerable reduction in the disease incidence, when compared to the untransformed control. More recently, newly emerging RNA interference (RNAi) technology manifesting transcriptional or post-transcriptional gene silencing (PTGS) is being used to develop virus resistant groundnut genotypes. Our ongoing work on the management of these viruses using transgenic options will be discussed. Tomato leaf curl New Delhi virus (ToLCNDV) infection causes significant yield loss in tomato. Availability of conventional tolerance source against this virus is limited in tomato. To understand the molecular mechanism of virus tolerance in tomato, the abundance of viral genomic replicative intermediate molecules and virus-directed short interfering viral RNAs (siRNAs) by host plant in a naturally tolerant cultivar H-88-78-1 and a susceptible cultivar Punjab Chhuhara at different time points after agroinfection were studied. We report here that less abundance of viral replicative intermediate in tolerant cultivar may have a co-relation with a relatively higher accumulation of virus-specific siRNAs. To study defense-related host genes expression in response to ToLCNDV infection,suppression subtractive hybridization technique was used. A library was made from tolerant cultivar H-88-78-1 between ToLCNDV-inoculated and Agrobacterium mock inoculated plants of this cultivar at 21 day postinoculation (dpi). A total of 106 non-redundant transcripts were identified and classified into 12 different categories according to their putative functions. By reverse northern analysis and quantitative real time-PCR (qRT-PCR), we identified differential expression pattern of 106 transcripts, out of which 34 transcripts were up-regulated ([2.5 fold induction). Of these, 8 transcripts showed more than four-fold induction. qRT-PCR analysis was carried out to obtain a comparative expression profiling of these 8 transcripts between Punjab Chhuhara and H-88-78-1, upon ToLCNDV infection. The expression patterns of these transcripts showed a significant increase in differential expression in the tolerant cultivar mostly at 14 dpi and 21 dpi in comparison to that in the susceptible cultivar as analyzed by qRT-PCR. Our study reveals that changes in host gene expression that occurred during ToLCNDV interaction were associated with tolerant characteristics of cultivar H-88-78-1. A strong correlation of siRNA accumulation with ToLCNDV tolerance was also observed in cultivar H-88-78-1. The probable direct and indirect relationship of siRNA accumulation and up-regulated transcripts with ToLCNDV tolerance mechanism is discussed.
Transgenic Options for the Management of Groundnut Viruses
Tomato Cultivar Tolerant to Tomato Leaf Curl New Delhi Virus
Nucleocapsid and Coat Protein Mediated Strategy to Confer Resistance Against Bud and Stem Necrosis Diseases in Groundnut
Ch. Phaneendra Bud and stem necrosis diseases caused by Groundnut bud necrosis (GBNV) and Tobacco streak (TSV) viruses respectively are negatively impacting the cultivation of groundnut in India. Development of groundnut cultivars with resistance to GBNV and TSV is the best approach to manage them. In view of this, individual and dual viral gene constructs to confer resistance against GBNV and TSV were developed. GBNV-NP (nucleocapsid protein) gene (831 bp) was amplified and cloned into pDrive cloning vector. The gene was subcloned in sense orientation in pCAMBIA 1305.1 binary vector at restriction sites NcoI and BstEII and then mobilized into Agrobacterium strain LBA 4404. Similarly TSV-CP (coat protein) gene (771 bp) was amplified and cloned into pGEMT-Easy cloning vector. The gene was sub-cloned in sense orientation in pCAMBIA 1305.1 binary vector at restriction sites NcoI and BstEII and then mobilized into Agrobacterium strain LBA 4404. For dual construct, TSV-CP gene was sub-cloned into pCAMBIA 1305.1 binary vector at restriction site XhoI consisting GBNV-NP gene and then mobilized into Agrobacterium strain LBA 4404 by freezing and thawing method. These constructs were supplied to National Research Centre for Groundnut (NRCG) for groundnut transformation. The yellow mosaic disease of sponge gourd (Luffa cylindrica Roem.) caused by Tomato leaf curl New Delhi virus (ToLCNDV), genus Begomovirus, family Geminiviridae, occurs in epidemic proportion in Northern India. The disease is characterized by yellow spots on newly emerging leaves, followed by mosaic, upward curling and distortion. The virus is transmitted through sap as well as whitefly, Bemisia tabaci. A diverse group of genotypes collected from different sponge gourd growing regions of India, maintained as inbreds were screened against ToLCNDV under natural epiphytotic conditions during two subsequent cropping seasons in IARI experimental fields and also through challenge inoculations both by sap and whitefly under insect proof greenhouse conditions. The vulnerability index (V) of individual genotype was calculated based on disease rating of plants. Random plant samples of symptom free plants from field conditions were subjected to PCR analysis with the coat protein specific primers of ToLCNDV. The lines showing no disease symptoms and no PCR detection were used for development of filial generations. A total of 30 genotypes were evaluated under field conditions, where V ranged from 0 to 66.67 and 0 to 100.0 during spring-summer and rainy seasons, respectively. Under greenhouse conditions, V ranged from 0.0-62.67 (sap) and 3.33-100.0 (Bemisia tabaci). Advanced breeding line DSG-6 was found symptom free in both the seasons and PCR analysis revealed absence of ToLCNDV in most of the plants. DSG-6 was crossed with the highly susceptible genotypes, Pusa Sneha and NSG-1-11 to study the genetics of resistance against ToLCNDV. The individual plants of F 1 , F 2 , B 1 and B 2 generations showed differential disease reactions starting from no symptom to moderate symptoms, but collectively they fell within the parental range of resistant category. The monogenic dominant Mendelian ratio (3:1) in F 2 progeny was found to be the best fit. In test cross with susceptible parent, the segregation ratio had the best fit with 1(R): 1(S) and no fit for either 1:1 or 3:1 in the back crosses with resistant parent confirming monogenic dominant nature of resistance. To date, there is no commercially available varieties/hybrid in sponge gourd resistant to yellow mosaic disease. The resistance to ToLCNDV would be easy to introduce into the other susceptible sponge gourd genotypes, as it is controlled by single dominant gene and can be exploited for the development of high yielding and yellow mosaic disease resistant varieties/hybrids. E except north-east. On a note of speculation, if unseasonal rains occur between May and July it may result in mitigating temperatures and enhancing humidity, enabling weevils to survive here. This is the reason why, weevil occur more to the east in Vizag and Srikakulam, Orissa and Bengal, and not in say Uttar Pradesh, Punjab, Haryana, etc. Thus the paper highlights climate impacts on insect on a geo-weather scale using some insects of mango as case studies. Models of these cases have been worked out and will be presented.
Identification of Resistant Source Against
Preliminary Evidence for Occurrence of 'm'Biotype of Whitefly on Soybean
Archana Kumari, V. G. Malathi Advanced Centre for Plant Virology, Division of Plant Pathology, IARI, New Delhi Soybean is a major pulse crop with annual production of seven million tons in India. Madhya Pradesh is a leading state and contributes to around 75% of the total production. There is considerable yield loss in India caused by yellow mosaic virus. Mungbean yellow mosaic India virus (MYMIV) and the causative virus yellow mosaic disease is transmitted by whitefly belongs to the genus Begomovirus of the family Geminiviridae, infects all legume crops. The whitefly, Bemisia tabaci (Hemiptera: Aleyrodidae) is a polyphagous, haplo-diploid species of sap-feeding insect which belongs to the group of insects known as whitefly (Brown et al., 1995) . In whiteflies there are more than 1,420 known species and more than 24 biotypes, all over world have been discriminated by specific phytotoxic reactions, esterase markers and DNA markers. In an attempt to identify the biotype of whitefly occurring on soybean, more than 100 whiteflies were collected from MYMIV infected soybean plants. DNA isolation was done by crushing two whiteflies for each isolation. Isolated DNA were subjected to PCR by using mitochondrial cytochrome oxidase I (mtCOI) gene specific primers to get an amplicon of 850 bp length. Amplicons were cloned in pGEMT easy vector and sequenced. The sequences obtained were analyzed to find out the different biotypes of whiteflies. The complete sequence analysis revealed the presence of Biotype 'M' whitefly which is rare occurrence on soybean in India. Nearly 6000 species of thrips have been described to date (Mound & Morris 2007 ) and a small number of which are economically important as direct pests or vector of tospoviruses (Family: Bunyaviridae) (Whitfield et al. 2005 ). In India, T. palmi is the vector of Watermelon Bud Necrosis Virus (WBNV) and the crop loses often [80% in watermelon alone, while T. palmi is ubiquitous in Asia, WBNV is restricted to South India. We examined genetic differences in 22 population of T. palmi collected from different cucurbitaceous plants in Karnataka, South India. Comparison of mtCOI sequences of the Indian populations with sequences from other countries showed that there are two major clades i.e. the one is clearly associated with Indian population of T. palmi and second is the rest of the countries viz. Japan, Thailand, Dominican Republic, China and U.K. These findings have practical bearing on the vector potential of T. palmi in transmitting WBNV. Our studies also showed that T. palmi is not a single cosmopolitan and polyphagous species. On the contrary, by the standards of genetic and ecological differentiation in other species groups, the recognition of geographically-associated and distinct T. palmi (sub) species may be considered, similarly as what has been observed in the case of T. tabaci. Cucumber (Cucumis sativus L.) is one of the important cucurbitaceous crop grown through out India. In 2009 surveys conducted for virus incidence on cucurbits in Andhra Pradesh, Karnataka and Tamil nadu states of India, symptoms indicative of tospovirus infection were noticed in several commercial fields of cucumber. Chlorotic and necrotic spots and rings on leaves, and mottling were observed with an incidence of 2.7-17.3%. Mechanical inoculation using sap extracts from these symptomatic plants showed that the host range and symptomatology of the virus was similar to those described for Melon yellow spot virus (MYSV) (1, 3). The sap extract from infected plants did not react to antisera specific to Groundnut bud necrosis virus (GBNV), Watermelon bud necrosis virus (WBNV), Watermelon silver mottle virus(WSMoV) and Tomato spotted wilt virus (TSWV)) in double-antibody sandwich-ELISA. Reverse transcription-polymerase chain reaction (RT-PCR) was conducted to further identify the virus. No amplification was observed from extracts of symptomatic plants (n = 10) by RT-PCR using GBNV, WBNV, WSMoV, TSWV and Zucchini lethal chlorosis virus (ZLCV) specific primers, indicating that the absence of these viruses in virus infected cucumber plants. To confirm the identity of this virus, we amplified the N gene from infected cucumber plants using MYSV specific primer pair MYSF2390 (5 0 -GTTTGATGGAACTGAATGCTC-3 0 ) and MKTOS-POR (5 0 -GAGCAATCGAGGYGCYAAWAAA-3 0 )designed from the S RNA of Melon yellow spot virus (2), amplified a PCR fragment of 951 bp and the PCR product was cloned and sequenced. The sequence from virus isolate was determined from three independent clones. The nucleotide and sequences of N gene for the cucumber isolate had been deposited under GenBank Accession No. HM595740. Comparisons of the nucleotide and amino acid sequence of the putative N protein with those of the N proteins reported for known tospoviruses showed that it shared 95.5-96.5% nucleotide and 96.4-97.1% amino acid identity with the N protein gene of Melon yellow spot virus isolates from Japan, Taiwan and Thailand. However, identities with the N proteins of other tospoviruses were 36.3-62.6% nucleotide and 18.2-57.7% amino acid identities. Phylogenetic analysis of the N protein sequences using maximum parsimony showed that Cucumber isolate isolate from India formed independent cluster and clustered along with MYSV isolates from Japan, Taiwan and Thailand. These results show that the virus identified from cucumber expressing yellow ring spot symptoms is an isolate of MYSV. Melon yellow spot virus (MYSV) was first isolated from melon (Cucumis melo) in Shizuoka Prefecture, Japan, and was identified as a distinct species of the genus Tospovirus (Kato et al. 2000) . Later, MYSV was also detected on cucumber (C. sativus) in Kochi Prefecture, Japan (Takeuchi et al. 2001) . Since then, the virus has severely damaged melon and cucumber crops, resulting in serious economic losses in several countries. MYSV naturally infecting cucumber and it could become an important threat to Cucurbit crop production in India. Watermelon fruits are used as summer food, juice and also are exported to Singapore, Malaysia and other countries. Drastic yield losses were caused by viral diseases mainly by Geminiviruses family of Begomovirus (WmCSV and SqLCCV) and Tospoviruses family of Bunyaviridae (WmBNV) transmitted by Whitefly (Bemisia tabaci) and Thrips (Thrips palmi) respectively. We found the huge population of Whitefly and Thrips in watermelon field during our field visit and wilt, cholorotic spot on fruit, stem necrosis, mosaic and leaf curl symptoms were observed. Based on these observations infected leaf samples were collected from Kanchipuram, Tiruvallur, Viluppuram and Thiruvannamalai districts and DNA was isolated from collected samples based on Deloport et al. method. Isolated DNA were analyzed by PCR with universal primer for geminivirus and specific primer for WmBNV. Based on the morphological observation and vector population we assumed that the viral diseases were caused by Geminivirus but after the PCR analysis we concluded that this disease was caused by watermelon bud necrosis virus (WmBNV) and huge yield losses were found and reported in above mentioned areas in the State of Tamilnadu.
Molecular Genetic Differences Among Populations of Melon
Viral Diseases in Watermelon
Investigation of the Interaction of the Groel-Chaperonin Protein of Endosymbiont and Sri Lankan Cassava Mosaic Virus Coat Protein
Vaishali Kelkar, Indranil Dasgupta Department of Plant Molecular Biology, University of Delhi South Campus, New Delhi, India Cassava (Manihot esculenta Crantz), belonging to the family Euphorbiaceae, is the third most important food crop after cereals and legumes grown in the tropics. Cassava Mosaic Disease (CMD), a common viral disease and is caused by Sri Lankan Cassava Mosaic Virus and Indian Cassava Mosaic Virus in India. Both ICMV and SLCMV are transmitted by whitefly, Bamisia tabaci (family Homoptera; Alyerodidea). For transmission virus has to pass through the gut to enter the hemolymph before passing out of the salivary glands. GroEL (63 kDa chaperonin) protein is secreted by the class of endosymbiont bacteria harboured within the bacteriocyte cells found in the whitefly and are known as Buchnera. GroEL joins viral particles in the hemolymph of the insect and helps in the circulative transmission of the virus between plants by the whitefly. Functional viral coat protein is also important for transmission and insect specificity. In Tomato Yellow Leaf Curl Sardinia Virus (TYLCSV), the region of CP between amino acid 129 and 134 is essential for both correct assembly of virion and transmission by the insect vector. Also in Sida golden mosaic virus (SiGMV) it is reported that for minimal transmission of the virus, the composition of the coat protein domain from amino acid 123-149 is crucial but for the efficient transmission additional contribution of amino acids from 149 to 174 is needed. In TYLCSV the region between amino acids 129 and 152, including amino acids at sites 129, 130, 134, and 152 are critical for virion assembly, systemic infection, and transmission by the whitefly. A single point mutation at 129 prevents particle assembly and systemic infection while mutants with a further mutation at 134 are infectious but non-transmissible. The relevance of this region in transmission has been confirmed for Watermelon chlorotic stunt virus and Abutilon mosaic virus (AbMV). The present strategy of the study aims at mutagenizing the coat protein of the SLCMV (AJ579307) at the specific sites 129,130,134 and 152 and check the effect of the mutations on the transmission of the virus by the whitefly and also check for the interaction of the mutant type with the GroEL protein by the yeast two hybrid system and GST-pull down assay. The interference of the interaction of the GroEL and the coat protein could lead to the loss of the transmission of the virus by the vector. The transmission efficiency will be checked by the potential of the whitefly to pick the virus from the plant infected by the mutant type inoculated by agrobacterium and by biolistic inoculation and transmit it to the uninfected plants. Mutants that can systemically infect plants but are not transmitted by whiteflies may reveal domains involved in the interaction between viruses and insects and may help identify molecular components relevant for transmission. Cassava (Manihot esculenta Crantz, Family. Euphorbiaceae) is the third largest source of dietary carbohydrates in the world. In India, it is cultivated at southern India in Kerala, Andhra Pradesh and Tamilnadu. This crop is infected by geminiviruses which cause Cassava mosaic disease. In India, the causative agent of CMD is believed to be Indian cassava mosaic virus (ICMV)and Sri lankan Cassava mosaic virus (SLCMV) but SLCMV is more common as compared to ICMV in India. DNA b is a circular single-stranded DNA satellite associated with monopartite begomoviruses. It typically enhances the symptoms induced by the begomovirus alone, has been reported from many crops which are infected with begomoviruses in the Old World [3, 4, 5] . There is no report of the association of DNA b in CMD. To detect the presence of DNA b in CMD affected Cassava, total DNA from symptomatic plants was subjected to PCR amplification using abutting universal b primer (Forward primer 5 0 -GGTACCACTACG CTACGCAGCAGCC-3 0 , Reverse primer 5 0 -GGTACCTACCCTCC-CAGGGGTACAC-3 0 ) [5] . A PCR product of approximately 1.35 kb in size was obtained and cloned into pTZ57RT/A vector (Fermentas) and sequenced. Sequences were analysed by using the BLAST programme of the NCBI server. The cloned 1.35 kb fragment showed that it shared 100% identity with satellite DNA-b reported to be associated with the Cotton leaf curl Multan beta satellite (EU862816.2).
Detection of Begomoviruses Associated with Mentha Leaf Deformity by Rolling Circle Amplification Method
Akhilesh Kumar Kushawaha, Indranil Dasgupta Department of Plant Molecular Biology, University of Delhi South Campus, New Delhi, 110021, India
Mentha is a member of the genus Mentha (family: Labiaceae) which includes 25 species and a monopartite begomovirus, an isolate of Tomato Leaf Curl Pakistan Virus has been reported to be associated with mentha leaf deformity disease. Typical symptoms are foliar rugosity, light yellow mosaic, upward curling, crinkling and retarded growth leading to drastic reduction in the herb's yield, have been reported from UP and Punjab. To investigate the presence of additional begomoviruses in mentha, Rolling Circle Amplification (RCA) was utilized. Infected materials were collected from the experimental fields of Punjab Agricultural University, Ludhiana, India. RCA technique have been used to clone geminiviral DNAs from symptomatic mentha DNA. Total DNA was extracted from symptomatic Mentha samples which were collected from different locations of Punjab and used as a template for the RCA. A cloned 2.7 kb fragment was obtained in pTZ57R vector (Fermentas) and sequenced. Sequence analysis of the cloned DNA will be presented. Yellow mosaic disease caused by whitefly transmitted begomoviruses is a major constraint in improving the productivity of grain legumes (Malathi and John 2008). As weeds are believed to be serving as a reservoir or alternative hosts for begomoviruses survival and spread we carried out surveys all over the country and collected several weeds which were showing the typical begomovirus infection to assess begomovirus diversity and the emergence of novel species. Nucleic acid extracted from infected Rhynchosia plants, a common leguminous weed showing typical symptoms of yellow mosaic, hybridized readily with DNA A probe of Mungbean yellow mosaic India virus (MYMIV) indicating association of a begomovirus. The DNA molecules were amplified by RCA (rolling circle amplification) using phi29 polymerase (Haible et al. 2006 ) followed by restriction digestion and cloning. The full length cloned components (*2.7 kb) were categorized into 2 or 3 groups having the same pattern of restriction and were sequenced. Sequence analysis revealed that these clones have the characteristic features of the genome organization of bipartite begomoviruses. Complete nucleotide analysis of the clones JRH1 (2727 bp), JRH9 (2721 bp) revealed that they are DNA-A components and shared maximum identity of 84% with Velvet bean severe mosaic virus (FN543425) while JRH3, JRX1, JRX5 and JRX10 (2722 bp) clones share 76.1% identity with DNA-B component of the same virus. Since it showed less than 89% sequence identity, the threshold value for demarcating species, the present virus isolate is hence considered to belong to a new species and the name Rhynchosia yellow mosaic India virus is proposed as suggested by the ICTV Geminiviridae study group (Fauquet et al. 2008) . Tomato (Lycopersicon esculentum Mill.) an economically important crop is affected by severe leaf curl disease all over the world. Infection of tomato leaf curl virus at early stage causes 100% loss in tomato yield. The leaf curl disease in tomato is caused by more than 11 species of viruses belonging to the genus Begomovirus, family Geminiviridae in India. Geminiviruses have monopartite or bipartite genome with a circular single-stranded DNA components called DNA-A (2.7 kb), DNA-B (2.7 kb) and a satellite DNA-b (1.3 kb) . The genomic components of virus infecting tomato plants from district Kalyani, West Bengal were amplified through rolling circle amplification (RCA) and cloned in the vector pUC18. The clones were confirmed by restriction digestion (BamH1 and EcoR1) and sequenced. To study the infectivity of virus, partial tandem repeat (PTR) constructs of DNA A and betasatellite were made and mobilized into Agrobacterium tumefaciens EHA-105 for inoculation. Tomato (cv. Pusa Ruby) and Nicotiana benthamiana seedlings were inoculated and maintained at 30-32°C, 85% humidity and 8 9 10 3 -9 9 10 3 lux. Severe symptoms in the form of vein clearing, leaf curling, stunting and yellowing was observed in tomato seedling when DNA-A alone is inoculated unlike Maruthi et al. (2005) . However leaf curling, stunting and yellowing were observed in N. benthamiana seedlings and no vein clearing as in tomato was seen when inoculated with DNA A alone 15 days post inoculation. In both tomato and N. benthamiana, severity increased when inoculated with cognate betasatellite. ToLCJoV could also replicate non-cognate betasatellite and cause severe symptoms. Importance of these results in increased disease severity in tomato genotypes is discussed. Chilli (Capsicum annum L.), is an important commercial crop. India is the largest producer of chillies (36%) in the world, the production is limited by viral diseases. Among them, whitefly transmitted chilli leaf curl disease (ChiLCuD) is posing serious threat to the chilli production. Even though this disease is predominant in South India, there is no report which reveals the exact molecular identity of the virus. A study was undertaken to characterize the virus causing ChiLCuD in Tamil Nadu. Infected samples were collected from different parts of Tamil Nadu and screened for the presence of begomovirus infestation by PCR amplification using Deng primers (Deng et al. 1994) . Coat protein (CP) gene was amplified using gene specific primers, cloned into a pTZ57R/T vector and sequenced. CP gene sequence analysis revealed that CP region was not sufficient enough to reveal the exact identity of these begomoviruses. Hence, an attempt was made to amplify the full length genome of the virus causing ChiLCuD using Rolling Circle Amplification (RCA) technique (Haible et al. 2006) . RCA product of one of the sample (S. Punganpalayam) was linearized, cloned in pUC 18 vector. DNA sequencing of one of the recombinant clone was done and found that the virus showed highest similarity of 80.8% with Tomato leaf curl Sri Lanka virus ( Prunus necrotic ringspot virus (PNRSV) is a member of the genus Ilarvirus, in the family Bromoviridae and is responsible for some of the serious diseases in many plant species, including rose, hops and a wide variety of stone fruits wherein it has been reported to cause serious economic losses. PNRSVcauses fruit yield losses and affects fruit maturity or tree growth of many commercial Prunus spp. (e.g., peach, plum, apricot, sweet cherry, and almond). This study presents the results of the survey for Prunus necrotic ringspot virus (PNRSV) on cultivated cherry in India, where stone fruits are grown on a commercial scale. Surveys were conducted in the state of Jammu & Kashmir (J&K), for prevalence studies. The crops surveyed included Cherry (varieties Mishri, Stella, Makhmali, Sweet Heart and Manigam) and Santa Rosa variety of Plum. Symptomatic leaf and twig samples showing the symptoms like chlorosis, necrosis, bending, rolling, mosaic, mottling, shot holes,bunchy top and internode elongation were collected during the months of May and September, 2009. DAS-ELISA and blot hybridization revealed the presence of PNRSV in 14/48 samples from four districts in J&K, indicating a disease incidence of approximately 29.16%. The sequence of the coat protein amplicons (675 bp) produced by reverse transcription-polymerase chain reaction (RT-PCR) using virus-specific primers confirmed the presence of PNRSV. Comparison of the coat protein sequences of JK1 isolate from Distt. Baramulla with 31 complete available sequences of PNRSV coat protein (CP) (cherry) at amino acid level revealed a maximum of 99% homology to a Spanish isolate ChrCl.bin1 (EF565249). Phylogenetic analysis of the PNRSVcherry isolates revealed that this isolate from cultivated cherry is distantly related to the isolates from wild cherry and fall in different groups. Further, when compared with the PNRSV isolates from different hosts, it was seen that this isolate clusters most closely to an Almond isolate PNRSV-AL1 (EU368735.1) from Australia, sharing 98% sequence similarity. This study confirms the presence of PNRSV at the molecular level in cultivated cherry in Jammu & Kashmir region in India and reveals sequence information. Bejo Sheetal Seeds, Jalna, Maharashtra, India Bhendi (Abelmoschus esculentus) commonly known as lady's finger is an important vegetable crop in India. The Yellow Vein Mosaic disease of Bhendi is caused by a complex consisting of the monopartite begomovirus Bhendi yellow vein mosaic virus (BYVMV, family: Geminiviridae) and a small satellite DNA b component. It is the most important disease of bhendi and is characterized by a homogenous interwoven network of yellow vein enclosing islands of green tissues within its leaf. There are around 12 BYVMV isolates that have been submitted from India in Nucleotide database of National Center for Biotechnology Information (NCBI). In the present work, an attempt has been made to study the coat protein gene (cp) of BYVMV isolates from West Bengal, Aurangabad, Coimbatore, Jalna and Vijayawada. After obtaining the total DNA from infected bhendi samples by using CTAB-Mucilage-free method, cp was amplified, cloned and sequenced. Phylogenetic studies were carried out using 4 sequences from West Bengal and 1 each from Aurangabad, Coimbatore, Jalna and Vijayawada and the available sequences from NCBI. DNA b molecules are symptom-modulating, single-stranded DNA satellites associated with monopartite begomoviruses. DNA b was amplified by using DNA b-specific universal primers, which gave approx. 1.35 kb full length amplified product. DNA b of two samples from West Bengal and one each from Aurangabad, Coimbatore, Jalna and Vijayawada was subsequently cloned and sequenced. Results from bioinformatics analysis of CP gene and DNA b will be shown. Mungbean yellow mosaic India virus (MYMIV) is a bipartite begomovirus transmitted by whitefly causing yellow mosaic disease in soybean (Glycin max L.). Soybean has high value in pulse crops due to high proteinacious feature. The present study is the first effort in India to develop transgenic resistance in soybean against MYMIV. Soybean was transformed with antisense construct through Agrobacterium tumifaciens targeting Rep gene. Soybean plants were efficiently transformed from mature cotyledonary nodes of three different genotypes i.e., JS-335, JS-95-60 and NRC-37. (Olhoft et al. 2003) . Mature soybean seeds were surface sterilized by chlorine gas method for 6 h and placed on half B5 medium having N 6 -benzylaminopurine (BAP 1.0 mg/l) (Gamborg et al. 1968) , the mature cotyledonary nodes were collected and transferred to full B5 medium supplemented with BAP 1.0 mg/l for shoot induction and the new shoots that emerged on full MS medium supplemented with Gibberellic acid (GA 3 0.750 mg/l) (Murashige and Skoog 1962) . The elongated shoots were rooted on half B5 medium having sucrose (1%) and indole-3-butyric acid (IBA 2.0 mg/l). Thirty two putative transformants were tested for viral insert presence by PCR amplification with antisense Rep specific primers; out of 32 only 12 were amplified. The PCR positive samples were further confirmed by Real Time PCR for the presence of viral inserts. Apple mosaic virus (ApMV) Ilarvirus family Bromovridiae is one of the most common pathogens of apple worldwide. Observations of bright chlorotic mosaic symptoms on apple trees during field surveys in Himachal Pradesh and Jammu and Kashmir indicated presence of this virus in the region. ApMV is known to cause economic losses in apple and other temperate fruit crops. Apple mosaic virus is tripartite in nature having three RNAs viz. RNA1, RNA2 and RNA3.So. The RNA1 is monocistronic and codes for a viral replicase. The RNA 2 is bicistronic in some members but monocistronic in others. The proximal ORF of RNA 3 codes for the movement protein while the distal ORF codes for the coat protein (CP), expressed via a sub genomic RNA 4.The samples when tested with DAS-ELISA and Dot blot hybridization 17 out of 53 samples were positive. These results were confirmed by reverse transcription-polymerase chain reaction (RT-PCR) using virus-specific primers. The CP and MP consisted of 223 and 286 amino acid residues respectively. Analysis of CP sequence revealed that the Indian isolate is closely related to Pear isolate from Czech republic whereas MP of the Indian isolate was closely related to Chinese isolate (AM490197).Cloned DNA was reliably used for diagnosis of the virus and was a useful tool for screening at nursery level using slot blot hybridization. This study confirms the presence of ApMV at the molecular level in India and reveals sequence information. The geminivirus Replication initiator protein (Rep/AC1) is a member of the SF3 helicase family, which includes helicases encoded by small DNA and RNA viruses for which SV40 large T antigen (TAg) serves as the prototype. Though the detailed structure and conformation of full-length Rep is yet to be established, biochemical studies have shown its modular function. The N-terminal part of Rep largely contains DNA-binding, nicking-ligation and oligomerization domains, while the C-terminal half contains ATP binding, ATP hydrolysis and helicase activity domains. DNA unwinding activity of Rep helicase depends on its oligomeric nature. For TYLCSV-Rep 122-359 and MYMIV-Rep, the helicase activity was associated with dodecameric and much higher order oligomeric conformation (*24mer) respectively. SV-40 large T-antigen of simian virus has been shown to be active only in the double hexameric form. Using two step chromatographic procedures, we have purified Rep protein from Tomato leaf curl virus to 100% homogeneity. The purified protein was found to be active for *10 days at 4°C as demonstrated by its ATPase and helicase activities. Purified protein was found to be oligomeric in nature in the absence of ATP and or DNA. Circular Dichorism spectra clearly reflect characteristics of (a ? b) type of structure which is most stable at pH 8.0 and possess 20% a-helix, 23% b-sheet and 53% random coil which are close to the values predicted by GORV, a online secondary prediction tool. At 6.0 pH, the molar residue ellipticity values decreases with a parallel increase of b-sheeted structure indicating the loss of its helical structure. It is well established that geminivirus Rep protein binds and hydrolyses ATP.
Rhynchosia Yellow Mosaic India
Molecular Characterization of a Leaf Curl Virus
Transformation of Soybean with Antisense Construct Targeting
Circular dichorism results have revealed that there was a conformational change in the protein upon addition of ATP, which could be linked to the helicase motor activity. Further, purified Rep protein was used to raise anti-Rep polyclonal antibody in rabbit and anti-Rep specific antibody was purified using the rep bounded nickel affinity column with elution facilitated by extreme pH. Partially purified Anti rep antibody was used for the detection of Rep protein from virus infected plants. The regulation of the viral gene expression is vital for disease development and basic viral functions (replication and spread in the host). The key to this regulation is the promoter sequence. Thus, the characterization of the functions of viral promoter becomes important.Furthermore, the promoter elements can be used for expressing heterologous genes in plants.Cassava Mosaic Disease (CMD) is a major constraint on cassava production both in India and Africa. Sri Lankan cassava mosaic virus (SLCMV) is an important virus causing CMD in India. SLCMV DNA contains promoter sequences driving the expression of the viral sense genes (CP-promoter) and complementary sense genes (Rep-promoter). Previous work of promoter analysis of the putative CP-promoter of SLCMV (position 2528-354), established that the promoter contained two positive elements and one negative element (Unpublished data, Basanta Kumar Borah). The negative element of the promoter (66-255) wasfurther analyzed by constructing a series of internal and end deletions cloned in a pUC19 based vector with GUS as reporter gene (pUC19-GUS) and studying the transient expression in bombarded onion peel cells. To obtain quantitative data, the constructs were electroporated in tobacco BY2 protoplasts. Further, to determine tissue specificity of expression, the full-length CP promoter of SLCMV (IR1) and deletions were cloned in the binary vector pBI121 and Nicotiana benthamiana was transformed with the full-length promoter (IR1-pBI121) and deletion Fd-pBI121 (D 2528-146) constructs, followed by histochemical localization of GUS expression in transgenic Nicotiana benthamianastem sections.The IR1 was seen to have a similar promoter activity as the standard CaMV 35S promoter in electroporated BY2 protoplast. Deletion analysis indicated that a strong negative element for the CP-promoter resides between nt 246-256.Examination of the transverse sections from stem tissue of Nicotiana benthamiana transformed with the full-length promoter revealed the expression of the promoter in cells associated with the vascular bundle and in a few epidermal cells and trichomes arising from them. DNA replication is a complex and coordinated interplay of various replication factors. Their study will be important to unravel the role of other associated factors in eukaryotic replication. The deepest understanding of DNA replication comes from the study of small DNA viruses as a model system. Geminiviridae represents a family of such small plant DNA viruses characterizedby twin icosahedral particles, which encapsidates asmall (*2.7 kb) single-stranded circular DNA. Mung bean yellow mosaic India virus (MYMIV) has a bipartite genome and belongs to the genus begomoviridae of the family geminiviridae.They replicate in plant cell nuclei by a rolling-circle mechanism and encode only a few proteins for their replication, thereby, recruiting most of the replication machinery from their plant hosts (Raghvan et al. 2004 ). The replication initiator protein Rep (or AC1), is the hallmark protein required for replication of any geminiviral DNA genome. Rep is a multifunctional, oligomeric protein having site-specific DNA-binding, nicking, ligation, topoisomerase I, ATPase and helicase activities (Choudhury et al., 2006) . Thesebiochemical activities are required for the initiation, elongation and terminationof DNA replication of the geminiviral genome (Singh et al. 2008) . Here, we report the identification of various host factors by studying their interaction with geminiviral Rep proetin. The techniques of phage display and yeast two hybrid library screening were used for recognition of MYMIV Rep interacting host factors. Further, validation of these identified host replication factors is carried out by an established yeast based geminivirus specific DNA replication assay system. Usage of this model system revealed the role of proteins like RAD51, REV7, MCM2 and SNF4, hitherto unknown host factors for geminiviral DNA replication. The expression profile of the Rep interacting host factors were also compared in geminiviral infected and healthy mungbean plants using northern blot analysis. The results clearly showed an increase in the expression levels of the identified host factors in geminiviral infected as compared to healthy mungbean plants. This study is expected to shed light on the machinery involved in geminiviral DNA replication and thereby facilitating studies of replication in plants.
Promoter Analysis of
Use of Agro Infectious Clones of Tomato Leaf Curl Geminiviruses for Tomato Screening
Yogita Deshmukh, Suresh Kunkalikar, Ramana Reddy, Sharad Gulhane, Prem Rajagopalan, Radha Anandalakshmi Plant-Virus Interactions Lab, Mahyco Research Center, Post Box No. 76, Jalna, 431203, India Agrobacterium infectious clones harboring full length virus sequences are extremely useful for virus screening of plants. However, these can be used for crop screening only if the infectious clones produce 100% infection of susceptible plants and symptoms are comparable with those produced when virus is inoculation is done via a vector or by mechanical sap inoculations. Here we compare tomato infected by inoculation of agro infectious clones of both monopartite as well as bipartite tomato leaf curl geminiviruses with those inoculated using whiteflies as vectors in both susceptible as well as resistant lines and show that agro infectious clones are good alternatives for virus screens where there are constraints for whitefly maintenance. Tomato (Lycopersicon esculentum Mill.) an economically important crop is affected by severe leaf curl disease all over the world. Infection of tomato leaf curl virus at early stage causes 100% loss in tomato yield. The leaf curl disease in tomato is caused by more than 11 species of viruses belonging to the genus Begomovirus, family Geminiviridae in India. Geminiviruses have monopartite or bipartite genome with a circular single-stranded DNA components called DNA-A (2.7 kb), DNA-B (2.7 kb) and a satellite DNA-b (1.3 kb).
The genomic components of virus infecting tomato plants from district Kalyani, West Bengal were amplified through rolling circle amplification (RCA) and cloned in the vector pUC18. The clones were confirmed by restriction digestion (BamH1 and EcoR1) and sequenced. To study the infectivity of virus, partial tandem repeat (PTR) constructs of DNA A and betasatellite were made and mobilized into Agrobacterium tumefaciens EHA-105 for inoculation. Tomato (cv. Pusa Ruby) and Nicotiana benthamiana seedlings were inoculated and maintained at 30-32°C, 85% humidity and 8 9 10 3 -9 9 10 3 lux. Severe symptoms in the form of vein clearing, leaf curling, stunting and yellowing was observed in tomato seedling when DNA-A alone is inoculated unlike Maruthi et al. (2005) . However leaf curling, stunting and yellowing were observed in N. benthamiana seedlings and no vein clearing as in tomato was seen when inoculated with DNA A alone 15 days post inoculation. In both tomato and N. benthamiana, severity increased when inoculated with cognate betasatellite. ToLCJoV could also replicate non-cognate betasatellite and cause severe symptoms. Importance of these results in increased disease severity in tomato genotypes is discussed. Tomato yellow leaf curl geminivirus (TYLCV) is a major tomato pathogen, causing extensive crop losses. Circular genome of TYLCV mapped on both direction in complimentary and virion sense direction suggests that transcription is driven by a bidirectional promoter region of the intergenic (non coding) DNA. We showed that kinetics of promoter activity in complimentary sense and the virion sense. The complimentary sense promoter showed the expression of GFP at 24 h, but in case of virion sense promoter it starts at after 36 h. The expression level of GFP showed significant but variable levels of promoter activity with highest activity in complimentary sense at 36 h post infiltration. Differential virion sense and complimentary sense promoter activity are due to regulation of early and late genes. The activity of the promoter region was investigated in transient plants with the GFP gene as reporter gene. The stronger promoter activity was obtained from complementary sense non coding promoter construct found upstream of C1 ORF, corresponding to early requirement for the replication gene product. Weak promoter activity detected in virion sense promoter indicates that viral replication factors are important for regulating the expression of virus coat protein, which is consistent with the coat protein gene being required later in infection. Watermelon bud necrosis virus (WBNV) is an emerging Tospovirus, (family Bunyaviridae) on cucurbits in India causing up to 100% crop loss in watermelon. WBNV was reported from southern India based on transmission and serology. In present study, physical properties, differential host reaction of WBNV (WBNV-wDel) and a close relative, Groundnut bud necrosis virus (GBNV) were investigated. Further, medium (M) RNA sequence of WBNV-Del isolate was compared with other tospovirus isolates occurring in India. WBNV was efficiently transmitted (100%) by sap inoculation to Nicotiana benthamiana and cow pea (cvs Pusa Komal and C-152). WBNV was sap transmissible from infected N.benthamiana leaves stored at 4 and -80°C up to 25 days and 3 months, respectively. The thermal inactivation point of the virus was 40°C.The dilution end point was 1:100, however maximum number of local lesions per leaf was obtained at 1:1 dilution. WBNV and GBNV produced similar symptoms (Chlorotic lesion or rings, mottling rapid wiltting) in N. benthamiana however they could be differentiated in cowpea cvs Pusa Komal and C-152, peanut and watermelon. WBNV could not be sap transmitted to peanut and GBNV to watermelon. WBNV produced local chlorotic lesions and ring spots on Pusa Komal and C-152, respectivly, whereas GBNV produced chlorotic lesions followed by necrotic lesions in cowpea. Further, Only GBNV produced systemic necrosis in leaves and stems of cowpea. The M-RNA of WBNV-wDel was of 4796 nucleotides in length. The M-RNA of WBNV-Del isolates shared 91.6, 84.6, 75.5% nucleotide sequence identity with the WBNV-WmSom isolate, GBNV and CaCV, respectively. Based on the M RNA sequence comparison, specific primers were desiged for differential detection of WBNV and GBNV by PCR and duplex PCR. The primer BM 67wf and BM 68R originated from Gn/Gc ORF could be successfully used to amplify 618 bp fragment only from WBNV. Primer pairs BM 67 wf & 182 R, 67F & 181R and used for duplex PCR which resulted in specific amplification of WBNV (490 bp) and GBNV (850 bp) from mixture of GBNV and WBNV samples. Cassava (Manihot esculenta) belonging to the family Euphorbiaceae is an important staplefood crop cultivated extensively in tropics. Cassava mosaic disease is a major constraint in its production. Sri Lankan Cassava Mosaic Virus (SLCMV) and Indian Cassava Mosaic Virus (ICMV) are known to infect cassava in India. SLCMV is a bipartite begomovirus having two genomes named as DNA-A and DNA-B. DNA-B has two genes BC1 (encodes coat protein) and BV1 (encodes nuclear shuttle protein). It has been observed that presence of DNA-B genome enhances the accumulation of the DNA-A in experimentally inoculated N. tabacum.To find out the involvement of DNA-B in the accumulation of DNA-A both genes of DNA-B were mutagenized. The infectivity of these clones having normal and mutagenized DNA-B was assayed on N. benthamiana, and N. tabacum, by agroinoculation and biolisticbombardment. The clones of SLCMV were infectious in N. benthamiana with a 100% infectivity rate. The level of accumulated DNA-A was checked by Southern analysis of inoculated plants. It was seen that accumulation of DNA-A was not affected due the mutagenesis of BV1 gene and accumulation level was same as normal BV1 gene. In case of mutagenized BC1 gene accumulation level of DNA-A was less as compared to normal BC1 gene. It can be concluded that BC1 gene of DNA-B plays some role in the accumulation of DNA-A of SLCMV in experimentally inoculated N. tabacum. conserved open reading frame known as the bC1 which is required for the symptom expression and accumulation of the helper virus in the host plant. Considering the importance of bC1 gene in pathogenicity an understanding of regulation of bC1 gene expression is important in developing disease resistance strategies. An upstream region of translation start site of bC1 of Cotton leaf curl Multan betasatellite associated with Tomato leaf curl New Delhi virus was tested for its promoter activity. Three promoter sequences as bP1 (390 bp), bP2 (740 bp), bP3 (945 bp) upstream of translational start site of ORF bC1 was PCR amplified and cloned in fusion with GUS as the reporter gene. The transcription regulation of functional ORF bC1 in the Cotton leaf curl Multan betasatellite was analyzed on the basis of transient assay on Nicotiana benthamiana and Tomato. All the three fragments (bP1, bP2 and bP3) are able to drive the GUS expression. This study will help in identifying the promoter of a gene that causes the devastating abnormalities in plants. The mechanism of its action needs to be understood for management of large number of diseases caused by whitefly transmitted Begomoviruses.
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Identification of PTGS Suppressors Encoded by Tomato Leaf Curl New Delhi Virus
Saumik Basu, Biju George, Supriya Chakraborty Molecular Virology Laboratory, School of Life Sciences, Jawaharlal Nehru University, New Delhi, 110 067, India Post transcriptional gene silencing (PTGS) is a natural antiviral defense mechanism in plants. Viruses are both inducers and targets of PTGS. dsRNAs are strong inducer of PTGS. Plant viruses are known to contain suppressors of PTGS, an important component during viral pathogenesis. Tomato leaf curl New Delhi virus (ToLCNDV) is one of the most predominant begomovirus species causing severe leaf curl disease of tomato in India. We are interested in identifying viral suppressors of ToLCNDV responsible for symptom expression in solanaceous host. Among the begomovirus encoded proteins, three (AC2, AV2 and AC4) have been identified as suppressors of PTGS. We performed Site Directed Mutagenesis to bring about mutations in AC2, AV2 and AC4 ORFs of ToLCNDV. Plants were agroinoculated with the infectious clones of mutated virus along with the wild type one. Southern and Northern hybridization were performed subsequently to check the viral accumulation level and viral transcript level respectively. siRNAs were isolated and detected by improved Northern hybridization using suitable probe. Suppressor assay was carried out using 16C line of N. benthamiana to check the suppressor activity of the above mentioned viral ORFs of ToLCNDV. ToL-CNDV AC2 and ToLCNDVAV2 were found to have strong suppressor activity where as ToLCNDV AC4 was found to have weak suppressor activity. Therefore, ORF AC2 and AV2 played major role in suppression of PTGS during pathogenesis of Tomato leaf curl New Delhi virus. Geminivirus poses serious threats to many economically important crops such as mungbean, tomato, cotton, etc. To devise a specific antiviral strategy at the viral DNA replication level, a hammerhead ribozyme was engineered against the mRNA of the replication initiator protein (Rep) (Chilikamarthi et al. 2007) . Rep is the most important viral protein for the DNA replication of the Mungbean yellow mosaic India virus (MYMIV), a member of the Geminiviridae family. The hammerhead ribozyme belongs to the class of molecules knownas catalytic antisense RNAs. Over the year it has evolved as one of the most potential biotechnological tool with applications in therapeutics, functional genomics, and development of virus resistant crops, etc. The technology despite of its promises, however, could not gain enough impetus as even meticulously designed ribozyme exhibiting very promising in vitro efficacy most often fails to demonstrate any in vivo activity (Song et al. 2002) . In addition, in various in vivo studies, the degree of reduction of target gene expression with wild type (catalytically active) and mutant (catalytically inactive) ribozyme has most often been found to be at similar levels. In this work, we have analyzed in palnta activity of ribozyme engineered against Mungbean yellow mosaic India virus essential protein encoding mRNA -rep. Furthermore, we have also initiated investigation to probe and differentiate the down-regulation mediated by ribozyme and mutant ribozyme. The ribozyme has been found to be catalytically efficient in planta and has the potential to down-regulate the target gene rep as well as the accumulation of targeted virus. The efficacy of the ribozyme in vitro has shown 33% cleavage activity and in planta around 40% down regulation in rep-mRNA and 40% inhibition in viral titer has been observed.Moreover, it has been found that the down-regulation observed with mutant ribozyme is due to the parallel technology, viz, RNA silencing. This is the first investigation that has been initiated to unravel the principle underneath the mutant ribozyme mediated down-regulation. We have made novel application of RNA silencing suppressor in order to prove the role of RNA silencing in mutant ribozyme mechanism. The engineered ribozyme against dreaded phytopathogen MYMIV is highly efficient in vitro as well as in planta. The down-regulation is mediated by its endo-nucleolytic activity and hence has the great potential in its applicability as a resistant strategy to protect crop from the yellow mosaic disease. A distinct bipartite begomovirus was found associated with tomato plants showing yellowing, curling, and crumpling of the leaves, in a sub-temperate region in India. The genome was amplified through rolling circle amplification (RCA) using /-29 DNA polymerase and characterized. The DNA-A of the isolate was comprised of 2,756 nucleotides (AM884015), encoding six open reading frames (ORFs) and DNA-B that of 2,725 nucleotides (AM992534), encoding two ORFs with genome organization typical of an old world bipartite begomovirus. Comparisons showed that DNA-A has less than 86% identity sequence identity with already known begomoviruses which suggested it to be a new species for which a name tomato leaf curl Palampur virus was proposed. The virus appeared to be a recombinant of Tomato leaf curl New Delhi virus and Squash leaf curl China virus in recombination analysis. Recently it has been reported from Iran and Pakistan, causing severe disease in tomato and cucurbit crops, which suggests that the virus has a wide geographical distribution and natural host range. Up to 100% crop loss has been reported from Iran. A 1.4 mer of DNA-A and 1.8 mer of DNA-B were cloned into binary vector pCAMBIA1300 to generate the infectious clones, which were transformed to agrobacterium and infiltrated to tomato plants. Typical symptoms appeared after 14 days post-infiltration. Work is in progress to understand the mechanism of RNA silencing suppression of the virus. Three tospovirus species (Capsicum chlorosis virus (CaCV); Peanut bud necrosis virus (PBNV); Watermelon bud necrosis virus (WBNV) belonging to the same Watermelon silver mottle virus (WSMoV) serogroup have been reported in vegetables in India. We conducted a country-wide survey for the distribution and genetic diversity of vegetable-infecting tospoviruses. During the survey we have noticed that in mixed infection of WSMoV serogroup viruses and/or with other viruses there is a possibility of cross protection activated by the first infecting virus. The present study describes synergistic as well as antagonistic effects of tospovirus infections with other viruses in Nicotiana benthamiana and chilli pepper. The possible role of PBNV in chilli virus complex will be discussed. Chilli leaf curl virus (ChiLCV), monopartite begomovirus having single stranded circular DNA, is one of the most devastating pathogen of chilli causing enormous losses every year in India. Many effort and strategies have been carried out to control this disease but all of them are either failed or insufficient. However, few developed varieties are known to be resistant to ChiLCVs. Our aim was to study the different genetic expression of one of the ChiLCV resistant variety of chilli (Punjab lal). For this, chilli plants were agrinoculated with highly infectious clone of ChiLCV (isolate Varanasi) containing DNA A and DNA b. Total DNA was isolated at 7, 14, 21, 28, 35 dpi. Semiquantitative PCR indicated high level of viral DNA accumulation till 21 dpi, followed by decrease in viral accumulation. Attempts to quantify viral accumulation using southern blotting failed due to low level of viral DNA in resistant variety. Total RNA was isolated at 21 dpi from inoculated and non inoculated plant and suppression subtractive hybridization (SSH) technique was carried out to identify gene(s) whose expressions are either up regulated or down regulated in resistant chilli plant after chilli leaf curl virus infection. Selectivity of SSH with sensitive PCR techniques allowed us to detect the low abundance of differentially expressed transcript in resistance chilli plant. Differentially expressed genes could be categorised as defense related genes, resistant gene (R Gene), cell cycle regulation genes, genes involves in protein degradation, histone proteins, elongation factors 1-alpha, small ubiquitin-like modifier(SUMO) etc.
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An Efficient Regeneration and Transformation Method for Developing Transgenic Chilli Expressing Viral ORFs R. Vinothkumar, Verendra K. Sharma, Brotati Chattopadhyay, Supriya Chakraborty Molecular Virology Laboratory, School of Life Sciences, Jawaharlal Nehru University, New Delhi, 110 067, India Chilli (Capsicum annuum), a member of the family Solanaceae is an important spice crop cultivated in tropical and sub-tropical countries. Forty per cent of this crop is produced in Asia, and India is the leading producer of this crop. Genetic engineering of hot pepper (chillies) has been limited due to lack of reliable and highly reproducible plant regeneration protocol. We have attempted and developed a method of plant regeneration for chilli (var. Kashi anmol) that results in multiple shoot formation from nodal (3 weeks-old) as well as hypocotyls (1-2 weeks old) segments using growth regulators viz., TDZ, BAP alone or in combination with IAA. The rate of multiple shoot proliferation per explant was maximum on MS medium supplemented with 1.5 lM TDZ where nodal explants were used unlike hypocotyls. Shoot buds induced from these explants were sub-cultured on secondary medium free of growth regulators. Roots were induced 2 weeks after transfer of elongated shoots to MS medium supplemented with or without auxins (IAA, IBA). Rooted plants were kept in growth room covered with transparent polythene bags for adaptation before shifting to pots in the temperature controlled glass house. Chilli is known to be a difficult plant to transform because of its recalcitrant nature and its genotype specificity. Agrobacterium tumefaciens strain EHA 105 carrying replicase gene and bC1 ORF of Chilli leaf curl virus was used for transformation. One month-old nodal segments and 1-2 weeks old hypocotyls from in vitro grown shoots were co-cultivated with Agrobacterium for 2 days. Shoot buds were produced on the regeneration medium containing kanamycin (50 mg/l) and cefotaxime (400 mg/l). Transgenic nature of the transformed plants were confirmed by PCR using viral ORF specific primers and Southern analysis using specific probes. Transgenic chilli plants expressing viral ORFS might be useful for engineering transgenic resistance against ChiLCV in the future.
